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Preface

The Multidisciplinary Center for Earthquake Engineering Research (MCEER) is a national center of
excellence in advanced technology applications that is dedicated to the reduction of earthquake losses
nationwide. Headquartered at the University at Buffalo, State University of New York, the Center
was originally established by the National Science Foundation in 1986, as the National Center for
Earthquake Engineering Research (NCEER).

Comprising a consortium of researchers from numerous disciplines and institutions throughout the
United States, the Center’s mission is to reduce earthquake losses through research and the
application of advanced technologies that improve engineering, pre-earthquake planning and post-
earthquake recovery strategies. Toward this end, the Center coordinates a nationwide program of
multidisciplinary team research, education and outreach activities.

MCEER’s research is conducted under the sponsorship of two major federal agencies: the National
Science Foundation (NSF) and the Federal Highway Administration (FHWA), and the State of New
York. Significant support is derived from the Federal Emergency Management Agency (FEMA),
other state governments, academic institutions, foreign governments and private industry.

The Center’s NSF-sponsored research is focused around four major thrusts, as shown in the figure

below:

* quantifying building and lifeline performance in future earthquake through the estimation of
expected losses;

» developing cost-effective, performance based, rehabilitation technologies for critical facilities;

* improving response and recovery through strategic planning and crisis management;

* establishing two user networks, one in experimental facilities and computing environments and
the other in computational and analytical resources.

I. Performance Assessment of the Built Environment

> using

Loss Estimation Methodologies
Il. Rehabilitation of Critical Facilities
using

Advance Technologies

! I

lll. Response and Recovery
- using

Advance Technologies

IV. User Network

® Facilities Network >
® Computational Network
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This report summarizes a multi-year research effort to develop a detailed methodology to assess and
improve the functional reliability of equipment systems in critical facilities following earthquakes.
The emphasis was on performing a rapid assessment by regular facility staff, and consists of four
major steps: systems definition, evaluation of individual components, systems evaluation, and risk
management. The program is intended for use by engineers, building officials, owners and others
interested in assessing and improving the capability of a facility to maintain its structural integrity.
This report is divided into three parts. Part A is a handbook, written as an instruction for users. Part
B contains supporting documentation and the technical rationale for the approach. Part C provides
an example set of model code provisions using this approach. It is intended to demonstrate how the
approach can be incorporated into a format that can be used by designers or to evaluate existing
facilities.
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EXECUTIVE SUMMARY

This document summarizes a multi-year research project in the development of a detailed
methodology to assess and improve the functional reliability of equipment systems in critical
facilities following earthquakes.

The overall program is intended to be used by engineers, building officials, owners, and other
individuals interested in assessing and improving the capability of a facility to provide critical
services.

Current building design standards are primarily intended to preserve life safety through
maintenance of the structural integrity of buildings and critical safety systems, such as fire
protection. Some governing bodies recognize that critical facilities, such as hospitals, are
required to not only survive an earthquake without structural failure but also to be operational
during, and immediately following, a seismic event.

An approach to improve the reliability of equipment systems that is flexible enough to be used
in many types of facilities and does not require personnel with seismic expertise is the goal of
this methodology.

Implementation of this goal is a multi-step process. Since the emphasis is on rapid assessment
by the regular facility staff, the overall approach must remain simple, as described below:

1. Systems Definition: Requires input from appropriate facility operators and
engineers to identify which systems are required for life-safety purposes and
which systems are required for normal operations.

For each system, graphically sketch the system process in a logic diagram,
identifying critical components, system dependencies, and redundancies.

2. Evaluation of Individual Components: Perform a rapid visual screening
inspection of each of the system components. Following the guidelines of the
scoring system, a score is assigned to each item.

3. Systems Evaluation: Develop the scores for each subsystem and system in
conjunction with the logic diagrams using the scores for the individual
components. The logic diagrams will help to identify weak links in the systems,
items that may need closer examination, or potential system vulnerabilities
caused by lack of redundancy. Evaluate the scores for the individual
components to identify weaknesses that affect functionality. Identify all
vulnerabilities that may require some mitigation or further evaluation.

4. Risk Management: Use the results of the systems evaluation to make risk
management decisions. This may include cost-benefit analyses to evaluate
different options, additional evaluations to confirm screening evaluation
findings, and assessment of emergency preparedness plans and other non-
structural mitigations.



By following this approach, the operators of a facility can quickly gain useful insights into their
seismic vulnerability. The logic diagrams and the scoring method show which systems are
most vulnerable to seismically induced failure, which components in those systems are causing
the vulnerability, and what remediation steps would be of most benefit to the overall system
and facility earthquake preparedness.

This document summarizes the methodology. Part A is a Handbook, written as an instruction
for users. Part B contains supporting documentation and technical bases for the approach. Part
C is an example set of model code provisions utilizing this approach. Part C is intended to
demonstrate how this approach can be incorporated into a format that can be used by designers
or to evaluate existing facilities.
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SECTION 1

INTRODUCTION

1.1  Background

Recent earthquakes, the 1994 Northridge Earthquake in particular, have exposed shortcomings
in current building design practices and design standards, especially with regards to damage
that can shut down or limit services of a facility. Many facilities affected by the Northridge
Earthquake were partially disabled, or entirely shut down, due primarily to non-structural and
equipment failures in a wide variety of systems.

The methodology presented in this handbook was developed to provide a means of quickly
assessing the reliability of a facility or system within a facility, with a focus on continued
operation of the system or facility. There are two primary aspects to the overall approach that
must be understood in applying this handbook. First, the approach is consequence based,
incorporating the importance of individual equipment items in the reliability of a system.
Second, the approach uses rapid visual screening techniques, and is intended to be used by
people without expertise in engineering or seismicity. This handbook presents a scoring
system with which the reviewer can quickly evaluate critical mechanical and electrical systems
to determine which systems might warrant more detailed evaluation or modifications.

No engineering calculations or rigorous training are required to perform the reliability
assessment. The guidelines presented in this handbook are intended to give a complete
overview of the process and detailed descriptions of the steps involved in performing the
review. The scoring system has been developed to limit the need for interpretation but still

retain enough flexibility to be applicable to a broad range of installations and facilities
nationwide.

In order to develop a screening process that can be performed rapidly by facility personnel on
such a broad basis, a degree of conservatism is inevitable. Since this methodology is intended
to provide broad estimates of a facility’s vulnerability, a conservative approach is acceptable,
and even desirable.

1.2 Personnel Qualifications and Training

This methodology was developed for use by non-technical people. All that is required is a
knowledge of the systems to be evaluated and a thorough reading and understanding of this
handbook. No formal training is envisioned for the process.

If several people at a given facility, or for several related facilities, will be implementing this
process, some informal training may be in order. Since interpretations vary among individuals,
pre-screening discussions will help to make the scoring more consistent among the various
personnel. Though this methodology is intended to limit the amount of interpretation, it is

always a good idea to make sure that everyone in a screening team has the same understanding
of the process.



1.3  Organization of Handbook

The technical content of this handbook is organized in the following manner.

Chapter 2 describes the overall general implementation of the program.

Chapter 3 provides the procedure for identifying critical systems and
components.

Chapter 4 provides the procedure for evaluating individual components.

Chapter 5 provides the procedure for combining results of assessments of
individual components into subsystem and system scores.

Chapter 6 discusses the interpretation of the results of the rapid visual screening
survey and how to use the results in overall risk management for a facility.

Appendix A includes checklists for use in systems identification.

Appendix B contains detailed component worksheets.



SECTION 2
GENERAL IMPLEMENTATION

The following are the major steps involved in implementing the reliability assessment
methodology using this handbook.

21  Step1: System and Component Identification

What You Will Do: Look at what services your facility needs to provide, which equipment
: ' items and support services are really necessary to provide that function,
and how the various items are tied together.

How You Will Do It: Use checklists to help identify critical systems and components. Sketch
logic diagrams to illustrate how systems are tied together and where you
have backup system and equipment components.

What This Does For You: Helps identify possible “weak links” in your system and ultimately
helps to make sure fixes are limited to the most important items.

A facility may have specific functionality requirements during or following an earthquake, as
specified by federal law or federal, state, or local regulators. For example, hospital performance
requirements for critical care may be specified in a state-issued license; data processing
requirements for banks may be specified in Federal law. In addition, a facility owner may
determine that a function is essential if it is deemed financially important for continued
operation or business recovery.

A critical system is one that is required to provide either (i) the essential facility function, as
defined above, or (ii) life-safety protection as required by other laws or regulations. A
component of a critical system could be either a particular equipment item; a portion of a

system such as piping, ducting, etc.; or a human action that is required to provide function of
the critical system.

This handbook describes how critical systems and critical components can be identified for a
facility. A method is provided for systematically reviewing important systems and the impact
of their failure on other important systems. A means is provided to incorporate special
considerations, such as emergency plans, personnel actions, and known maintenance problems.

Details are provided in Chapter 3.

2.2 Step 2: Assessment of Individual Components

What You Will Do: Assign “scores” to individual items indicating reliability to continue
functioning after an earthquake. A higher score means more reliability.



How You Will Do It: Do a mostly visual review of each component. Use data sheets in
Appendix B to calculate scores. You will review for all items on the data
sheets, assigning scores applying rules in this Handbook.

What This Does For You: Helps identify weaknesses in individual equipment items.

This handbook presents a method for rapidly evaluating individual equipment components
and incorporating those evaluations into a system evaluation. That method uses assessment
techniques based on historical earthquake performance of similar equipment items.
Assessments are made of specific items that have been known to be causes of damage in past
earthquakes, or known to be seismically vulnerable for other reasons.

Scoresheets are provided for individual components, and a method for assigning scores is
presented, based on the design and installation of the component, the location within a
building and geographically, and other factors. Higher scores indicate higher seismic
reliability.

The method for assessment of components is provided in Chapter 4.

2.3  Step 3: Assessment of System Reliability

What You Will Do: Assign “scores” to systems and the entire facility indicating reliability
to continue functioning after an earthquake. A higher score means more
reliability.

How You Will Do It: Use the scores from Step 2 with the graphical description of the system

from Step 1. A set of simple rules to calculate the score is provided.

What This Does For You: Provides the information you need to make decisions on what changes
will increase reliability. '

This handbook provides a method for rapidly, but systematically evaluating the reliability of
critical systems in an earthquake. A system scoring system is provided to quantify the relative
reliability of systems and components. This method can be used by an individual to identify
and prioritize vulnerabilities on a system and facility basis.

For each of the major systems identified, a system evaluation should be performed. The
methodology described in this handbook makes use of the system and component information
developed for each system and the scores for individual components.

The procedure for system scoring is described in detail in Chapter 5.



24  Step 4: Risk Management

What You Will Do: Make decisions about actual system modifications, more detailed
analyses, or other steps to take (e.g. emergency plans) to increase the
reliability of your facility operating following an earthquake.

How You Will Do It: Use the results from Steps 1, 2, and 3. Review how scores may change if
' certain steps are taken.

What This Does For You: This is the real reason for doing the entire assessment, to make sure that
nioney spent for risk reduction is being put to its best use. This gives
you a basis for deciding on various options, such as structural
modifications, system changes, operational or procedural changes, or
other reasonable ways of reducing risk.

The results of the screening methodology provide a basis for making risk management
decisions. The review of critical electrical and mechanical systems and their components
provides the information necessary to create a specific plan for improving a facility’s post-
earthquake functionality.

The component and system evaluations described in this recommended practice are part of a
screening assessment. It highlights important system components, their interactions, and their
impact on system function. It is not the only indicator of where upgrades or repairs should be
made, but it provides a consistent method for identifying obvious vulnerabilities and
prioritizing risk management implementation.

Mitigation is not limited to physical repairs to equipment or systems. Mitigation can be
achieved through means such as upgrades, analyses and emergency response procedures. All

mitigation efforts as defined in this handbook are intended to improve overall system
reliability.

More detailed discussion on risk management is provided in Chapter 6.



SECTION 3
IDENTIFYING SYSTEMS AND COMPONENTS

This chapter of the handbook describes the identification and documentation of critical systems

and components which should be evaluated to assess the reliability of essential facility
functions following an earthquake.

3.1  Facility Requirements

The owner of a facility should identify what the functional requirements of the facility are
during and following an earthquake. Essential functions are those which must be provided by
a facility during an earthquake, immediately following an earthquake, or within a specified
time period following an earthquake. Examples may include requirements to provide
emergency or critical care for hospitals or money transfers for banks. Other specific
functionality requirements may be specified by federal law or federal, state, or local regulators.

Essential functions may be identified by any of the following means:

a) Specific facility performance requirements that are unique to a given facility,
industry, or type of installation, may be specified by law or other regulatory or
licensing requirements, under federal, state, or local jurisdiction.

b) Minimum standards of life-safety protection must be maintained irrespective of
the event that has occurred and the level of escalation. This would include fire
detection and alarm, fire response, building evacuation and egress, and similar
systems or functions, as required by federal, state, or local laws and regulations.

c) A facility owner or manager may identify any additional function as critical and
evaluate systems using this Recommended Practice because of financial
considerations or any other reasons. Examples of such considerations would be
concerns for capital costs, business interruption, and damage and recovery costs.

3.2  Identification of Critical Systems

As discussed above, critical systems are likely to include both life-safety systems and business
operation systems. Life-safety systems are usually defined as those functions whose failure
results in conditions where lives are in imminent danger or are not sufficiently protected from
potential dangers. Typical examples of life-safety functions are:

a) Fire response (including detection, suppression, and smoke barriers/purge)
b) Shutoff of hazardous material releases (primarily natural gas)
c) Elevator safety

d) Evacuation/Egress
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Business operation systems are defined as those systems which must function in order to
continue operation of the facility at full or reduced capacity. This definition of capacity is the
starting point for the identification of the critical business operation functions. For example,
operation of elevators may be considered to be essential for full building operation in one
situation but non-essential for another similar building if the desired state is limited operation.
This designation depends on the essential function of the facility, and is determined as the first
step of the evaluation. Typical examples of business operation functions are:

a) Lighting/Power (including lighting, normal building power, emergency power)
b) Water Supply/Waste Removal (including water supply, sewage removal)

c) Storm Drainage |

d) Normal Personnel Transport (including elevators)

e) Building HVAC (including heating, ventilation, air conditioning, HVAC control)

f) Communications (including telephone/communications, data
telecommunications)
g) Data Processing (including data processing equipment, computer equipment)

h) Refrigeration
i) Gas Supply

)] Structural Concerns (including raised access floors)

3.2.1 Critical Systems Checklist

Table 3-1 shows a multi-page checklist, the Critical Systems Checklist, that can be used to
identify and document systems which are candidates for critical systems. The reviewer should
examine each system identified in the table (Bolded items in far left column) and make a
determination as to whether the system is a life-safety system, business operation system, a
non-critical system, or the system is not applicable to the facility in question.

If a system is determined to be critical (i.e., either a life-safety or business operation system) the
evaluator should define what the critical system encompasses. This definition serves to
identify both what is considered as success and to help establish the bounds of the evaluation.
A space is provided in Table 3-1 for definition of the requirements for each critical system. The
evaluator should make this definition as clear and concise as possible at this stage. For
example, the definition for the Gas Shutoff System could read something like the following:
“The gas shutoff system is required to close the gas shutoff valve, either manually or
automatically, following the earthquake.”

Table 3-1 also identifies sub-systems (indented items beneath each System) which serve to
better define the boundaries of the main system. Each of these sub-systems should be

12



examined and a determination made in the same manner as for the main systems. Additional
spaces are included if other important systems or sub-systems are identified.

3.3  Identification of Critical Components

Functionality of the critical systems identified in the previous section is generally provided by
operation of combinations of equipment and/or human actions. In some cases, a single
operator action may be all that is required in order to provide for functionality, while in other
cases the combined operation of several systems may be required. In some cases there may be
redundant means for providing full or partial operation.

The goal of the entire process of identification of components is to narrow the scope of
components examined from an all-encompassing list of building equipment to a list which
reflects only those components necessary to provide functionality of critical systems while also
accounting for any enhanced safety provided by installed redundancy. This section describes
the method to be used to complete a systematic equipment identification process.

3.3.1 Component Identification Worksheet

One method for the identification of critical system equipment uses a worksheet called the
Critical System Component Identification Worksheet. Table 3-2 is a general worksheet for one
of the typical critical systems identified in Section 3.2. Appendix A provides additional
worksheets for other systems listed in Section 3.2, as well as a blank worksheet to be completed
if additional functions are identified or as a continuation sheet for any of the other worksheets.
The types of information to be identified in each worksheet are discussed in detail below. In all

the examples, Table 3-2 is referenced, but the discussion is equally applicable to any of the other
tables.

1. Definition of System: The starting point for this identification of components is
the refinement of the definition of what the critical system of interest
encompasses and the specific performance requirements of that system. This
definition serves to identify both what is considered as success and to establish
the bounds of the evaluation. If the definitions established during the
identification of critical systems are sufficient to accomplish these goals, a
reference to the worksheet in Table 3-1 is all that is required. Otherwise, for each
identified critical system, the definition should identify the following:

a) The main system, systems or portion of systems which provide the
required function

b) The performance requirements and specific required functions of the
items identified in item a) above (i.e., operation, integrity)

c) How the function is provided (i.e., automatic or manual)

d) When that function is required and for what duration

13



Identification of Specific Components: Once the system requirements are
established, the reviewer then starts the task of identifying specific equipment
which must function or maintain integrity in order to successfully accomplish
the required system function. A component identification sheet, as shown in
Table 3-2, will have a basic list of components typically associated with each sub-
system. The reviewer should examine each item on the list and determine the
criticality of each component. The categories of criticality are:

a) Essential (E). Component is required to perform its function in order for
the critical system to perform its required function (i.e., no other
component can provide the same function)

b) Redundant (R). Component is one of two or more components which can
provide a function in order for the critical system to perform its required
function (i.e., any redundant component can provide the same function)

c) Non-Essential (N). Component is not required in order for the critical
system to perform its required function. This category should also be
used if a listed component is not installed in the system being examined.

If a component is determined to be redundant to another component, the
redundant component item number should be identified and listed in the
appropriate column on the form. For example, in Table 3-2 under “A.
Detection”, any type of detectors which will result in the desired response (e.g.,
alarm, sprinkler actuation, etc.) should be identified as redundant to each other
in the list. .

Support Requirements: The final piece of component specific information
necessary in the identification of essential components is the determination of
support requirements, if any, for each piece of equipment. Support requirements
generally deal with such functions as power, cooling water, or some types of
actuation. The systems which provide these support functions are identified as
support systems. In each of the critical system definition sheets, all of the
components which provide the support functions could be added in their
entirety and the overall resultant list of components would be correct. However
this would result in a significant amount of repetition and is not efficient. Rather
support systems should be added as a separate critical system (unless already
required elsewhere as a critical system) and the support system components
included on a “generic” form of Table 3-2. In addition, it should be cross
referenced using Table 3-3, as described in Section 3.3.2 below.

The one exception to this process is in the case where a support system or a
certain portion of a support system only provides support to one critical system.
In these cases, it is better to include it with its associated critical system. For
example, an uninterruptible power supply (UPS), while considered to be a part
of the electric power system, may only power a computer system. It can be
considered a redundancy for the power requirements of the computer system

14



but not for any other equipment which requires power. In this case the UPS
should be listed with the specific equipment for the critical system and the
electric power system identified as a support system.

4. Other Considerations: Two general items are important in determining the
potential for equipment to reliably provide service as required. Questions
associated with these general items are included for each sub-system on each
sheet. The responses to these questions may impact whether or not a component
is credited for the system functionality. These questions are:

a) Is operator intervention required for operation of any of the above
equipment? If yes, is the area expected to be accessible?

b) Based on experience, has any of the identified equipment required an
above average amount of maintenance or been inoperable or degraded
for a significant amount of time due to failures?

For the first question, if operator action is required to operate the equipment, but
the area is not likely to be accessible following an earthquake, the component
should not be credited. If this piece of equipment is redundant to something
else, this results in a loss of redundancy but not failure of the critical system. If
however, this item is essential, the critical system would be considered to be
failed by the earthquake and possible changes may be in order to provide some
redundancy or to ensure accessibility.

For the second question, if a component, system, or portion of a system has
historically been unreliable due to failures or high maintenance requirements the
reviewer may not want to include the component, system or portion of a system
except as a redundancy. If components which fit in this category are to be
credited, either as essential components or redundant components, the
associated component score should be modified to account for the reduced
reliability.

3.3.2 Support System Cross Reference Worksheet

In order to ensure that all support requirements are fully addressed, Table 3-3, Support Systemn
Component Identification Cross Reference, should be added to in conjunction with each
Critical System Component Identification Worksheet (e.g. Table 3-2). Whenever a support
function is identified to be required, the reviewer should add the support function to Table 3-3
including the definition and where it was identified. Once a Critical System Component
Identification Worksheet has been completed for the particular support system, the reference
should also be added to Table 3-3 wherever that support system is identified as being required.
In this manner the reviewer can ensure that all appropriate components are included, and that
support systems that are applicable to a number of other systems are only addressed one time.
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3.4 Documentation

This section presents a recommended method for documentation of systems and components
for use with this handbook.

3.4.1 Critical Systems Diagrams

These diagrams provide a pictorial view of the system interrelationships identified in the
previous sections and provide a framework for quantifying the relative reliability of the
systems following an earthquake using the methods described in Chapters 4 and 5 of this
handbook. They are also a useful tool for the process of making practical risk management
decisions, as discussed in Chapter 6.

The critical system diagrams are a type of logic tree which uses “AND” and “OR” logic to
express the system interrelationships to the overall successful functioning of the building being

examined. The following sections describe the method used to develop these critical system
diagrams.

3.4.2 Logic Trees

The logic trees are success oriented and are built using “AND” and “OR” logic gates. An
“AND gate is defined as being successful if all the inputs to the gate are successful. An “OR”
gate is defined as being successful if any one of the inputs are successful. By combining these
logic gates the reviewer can develop a model which accurately represents the critical system
needs following an earthquake and can be used to identify the components which most
critically affect the ability to provide these critical functions. All of the information necessary
to build this logic model is collected as discussed in the previous sections. The development of
the logic model should be completed in a step-by-step manner with each level of the logic tree
being completed before proceeding to the next level. This methodical approach helps to ensure
that all necessary functions and components are included and that the function and component
dependencies are accurately addressed.

3.4.3 Essential Functions

The logic trees begin with a top event which represents successful functioning of the facility
following an earthquake. This top event is labeled with the facility name and is an “AND” gate
with two inputs, Life Safety Functions and Business Operations Functions. The “AND” gate
implies that both functions must be provided in order for the successful provision of the critical
functions. An example of this top level logic is shown in Figure 3-1. Each of these events
represent a gate in the logic diagram and will be further developed in the manner discussed
below either on the same page of the model or as a top event which is shown on another page.
Care should be taken to ensure that if an event is developed on another page that there is a
clear indication of where such development takes place.
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If additional emphasis is desired for some other function such as Telecommunications
Equipment or Data Processing Equipment they can also be included as a separate input to the
“AND” gate rather than being included under one of the other items. By including them at this
level, their overall importance is visually seen at the top level of the model. This positioning at
the top level will not impact the results of the model evaluation. An example of two equivalent
top level logic diagrams is shown in Figure 3-2. Each of these inputs to the top gate is
developed further in a step-by-step process until the boxes placed under a gate represent
components rather than functions.

3.4.4 Critical Systems

The next level of the logic model is developed from the information previously gathered and
summarized in Table 3-1. For example, the systems which are marked as Life Safety in Table 3-
1 become inputs to an “AND” gate in the top logic for Life Safety Functions. The systems
which are marked as Business Operations in Table 3-1 become inputs to an “AND” gate in the
top logic for Business Operations Functions. Again, these are both “AND” gates since each of
the functions must be provided in order to successfully provide the required essential
functions. In some cases in Table 3-1, a system may be listed as both a Life Safety and Business
Operations system. In these cases the system should be included in both places. The lower
level development of the logic will address any differences in sub-systems between the two
locations. Any of the systems which include sub-systems should be represented as an “AND”
gate with each of the applicable sub-systems as inputs. Figure 3-3 shows an example of the first
input level to the Life Safety gate and the sub-system inputs for the Fire Response system gate.

3.4.5 Specific Components

Up to this point, all of the logic in the tree consists of “AND" gates since the primary focus has
been on the function level and the basis of the definition of the functions has been to include
only the essential functions. The remaining portions of the tree will define which components
and in what combinations these components will adequately provide the functions. This is the
level at which the concept of redundancy in design is generally implemented. It is this
redundancy which leads to slightly more complexity in the modeling process. Worksheets

such as in Table 3-2 identify the equipment necessary to provide the specific functions for that
building.

For each sub-system there may be one or more categories of components. For example, in Table
3-2, Fire Response Sub-system Detection and Alarm is divided into three categories, Detection,
Alarms, and Detection/ Alarm Interface. If all three of these categories are required the Sub-
system is an “AND"” gate with each of these categories as an input. Within a category, all, one,
or several of the listed components may be required for success.

The important equipment identified in these tables for each category have been previously
defined in the table as being essential or redundant. In general, components which are
categorized as essential are included as inputs to an “AND” gate which defines the category. If
a category has only one essential component associated with it, a gate is not required and the
equipment is shown as an input to the sub-system gate.
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3.46 Redundant Components

If equipment is categorized as redundant, it and its redundant components are included as
inputs to an “OR” gate which defines the category. The case may occur in which several of the
components are essential and others are redundant. In this case the essential components are
treated in the same manner as described above. In addition, a separate “OR” gate is added to
the “AND” gate and the redundant components are input to the “OR” gate. Figure 3-4
illustrates the development of the fire Detection and Alarm sub-system logic.

3.4.7 Support System ‘Requirements

These are identified in the tables in this chapter and are included at the level in the logic tree of
the components it supports. An example of this is the case where a pump must system in order
to provide fire water for fire suppression. In order to function, the pump must be provided
with power. The way in which this dependency is included in the logic model is by including

both the pump and its power supply as inputs to an “AND” gate at the same level as the pump
would normally occupy. '

The exceptions to this are if all components for a category require the same support system, or
if a sub-system or system fail as the result of failure of the support system. In these cases it is
acceptable to input the support system at the highest level in the logic model at which
everything below it in the logic structure is also dependent upon the support system. Figure 3-
4 shows an example of how support system requirements are included in the logic tree.

This process is repeated until logic models have been developed for each system/sub-system
defined in the component identification worksheets prepared previously. Most support
systems support multiple critical systems. The portion of the model associated with the
support system need only be developed once and referred to at each place in the model in
which it provides its support system.

3.5  Summary of System and Component Identification Procedure
The following is a summary of the steps outlined in this Chapter:

1. Define the Facility Function: Requires input from appropriate facility
management to identify what functions or services the facility is required to
provide during or following an earthquake, to satisfy legal requirements and
owners desires.

2. Identify Critical Systems: Use the Critical System Identification Checklist (Table 3-
1) or other means to identify critical systems and their functional requirements.
The checklist provided in Table 3-1 includes common critical equipment
systems.
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Identify Components and Sub-Systems: Use the Critical System Component
Identification Worksheets (Appendix A) for each system and subsystem to identify
components and whether they are redundant, essential, or non-essential. Also
identify supporting systems required and special considerations, such as
operator intervention requirements and historical reliability problems.
Appendix A contains separate worksheets for the typical systems identified on
the checklist in Table 3-1, with typical components and sub-systems identified.

Cross Reference Support Systems: As each support system is identified on a
Critical System Component Identification Worksheet, add that support system to the
Support System Component Identification Cross Reference worksheet (Table 3-
3) to identify and cross reference all of the required support systems. Complete
a Critical System Component Identification Worksheet for each support system itself
and add the reference for that sheet to the Support System Component
Identification Cross Reference worksheet in each location that it appears. -

Document Systems and Components Using Logic Diagrams: Use diagrams,
such as Figures 3-1 to 3-4, to pictorially show system interrelationships and
dependencies. The top level of these diagrams should be the essential facility
functions identified in Step 1.
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Table 3-1.  Critical Systems Identification Checklist (1/4)

System / Sub-System

Life Business
Safety ! Operations 2

Not Not
Critical*  Applicable *

Fire Response
Requirements of system:

1 O

L1 O

Sub-Systems
Detection and alarm
Suppression

Smoke purge
Other:

Air duct fire and smoke barriers

Gas Shutoff
Requirements of system:

Sub-Systems
Other:

Elevator Safety
Requirements of system:

Sub-Systems
Detection/control

Other:

Building/Evacuation Egress
Requirements of system:

Sub-Systems
Alarm/indication
Available routes
Other:
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Table 3-1 (continued).

Critical Systems Identification Checklist (2/4)

System / Sub-System

Life Business Not
Safety * Operations ? Critical ®

Not
Applicable *

Lighting/Power
Requirements of system:

] L] L]

]

Sub-Systems

Lighting

Normal building power -
Emergency power
Other:

Water Supply/Waste Removal
Requirements of system:

Sub-Systems
Water Supply
Sewage Removal
Other:

Storm Drainage
Requirements of system:

Sub-Systems
Other:

Normal Personnel Transport
Requirements of system:

Sub-Systems
Elevators
Other:
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Table 3-1 (continued).

Critical Systems Identification Checklist (3/4)

System / Sub-System

Life
Safety '

Business
Operations 2

Not
Critical 3

Not
Applicable *

Building HVAC
Requirements of system:

[]

[]

]

L]

Sub-Systems
Heating
Ventilation

Air conditioning
HVAC control
Other:

Communications
Requirements of system:

Sub-Systems
Telephone/communications
Data telecommunications
Other:

Data Processing
Requirements of system:

Sub-Systems

Data processing equipment
Computer equipment
Other:

Refrigeration
Requirements of system:

Sub-Systems
Other:
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Table 3-1 (continued).

Critical Systems Identification Checklist (4/4)

System / Sub-System

Life
Safety !

Business
Operations 2

Not
Critical 3

Not
Applicable *

Gas Supply

Requirements of system:

[]

]

]

L]

Sub-Systems
Other:

Structural Concerns

Requirements of system:

Sub-Systems
Raised access floors
Other:

Other System:

Requirements of system:

Sub-Systems

Other System:

Requirements of system:

Sub-Systems
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Table 3-2. Fire Response Critical System Component Identification Worksheet

SYSTEM: FIRE RESPONSE
DEFINITION OF SYSTEM

SUB-SYSTEM: Detection And Alarm

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Detection
A.1 Area/Spot Smoke Detectors E R N
A.2 Line Smoke Detectors E R N
A.3 HVAC/Plenum Smoke Detectors E R N
A.4 Heat Detectors E R N
A.5 Sprinkler Flow Sensors E R N
A.6 Pull Stations E R N
A.7 Other(define) E R N
E R N
B. Alarms
B.1 Bell/Siren Alarms E R N
B.2 Speakers E R N
B.3 Strobe Lights E R N
B.4 Remote Alarm Monitors (specify) E R N
E R N
B.5 Other (define) E R N
E R N
C. Detection/Alarm Interface
C.1 Computer System E R N
C.2 Fire Communication Center E R N
C.3 Alarm Panel(s) E R N
C.4 Cabling/Conduit E R N
C.5 Other (define) E R N
E R N

D. General items
D.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

D.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table 3-2 (continued). Fire Response Critical System Component Identification Worksheet

SUB-SYSTEM: Fire Suppression

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Manual Suppression
A.1 Hand Extinguishers E R N
A.2 Hose Stations E R N
A.3 Hose Station Water Supply E R N
(if different from Automatic System)
A.4 Other(define) E R N
E R N
B. Automatic Suppression - Water
B.1 City Water Supply E R N
B.2 On-site Water Supply E R N
B.3 Motor-Driven Fire Pump(s) E R N
B.4 Diesel Driven Fire Pump(s) E R N
B.4.a Diesel Start System E R N
B.4.b Diesel Day Tank E R N
B.4.c Diesel Piping/Valves E R N
B.4.d Diesel Aux Fuel Supply E R N
B.5 Fire Water Feed Main E R N
B.6 Fire Water Cross Mains E R N
B.7 Fire Water Branch Lines E R N
B.8 Fire Water Risers E R N
B.9 Sprinkler Heads E R N
B.10 Deluge/Alarm Valves E R N
B.11 Other (define) E R N
E R N
C. Automatic Suppression - Gas
C.1 Gas Storage (Halon/Other) E R N
C.2 Connection to Detectors E R N
C.3 Other (define) E R N
E R N

D. General Items

D.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

D.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table 3-2 (continued). -  Fire Response Critical System Component Identification Worksheet
SUB-SYSTEM: Air Duct Fire and Smoke Barriers

A. Fire and Smoke Barriers
A.1 Fire and Smoke Dampers
A.4 Other(define)

B. General Items

Criticality
(circle one)
E-essential,
R-redundant,
N-non-essential

E R N
E R N
E R N

Redundant
Component

List redundant item
number

Support System
Required

List function (i.e., power,
cooling water, etc.)

B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?

If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Smoke Purge

A. Detection
A.1 Fire Control Center Panel
A.2 Other(define)

B. Pressurization
B.1 Fans
B.2 Actuation
B.3 Other (define)

C. Purge Pathway
C.1 Break Window System
C.2 Other (define)

D. General Items

Criticality
(circle one)
E-essential,
R-redundant,
N-non-essential

E R N
E R N
E R N
E R N
E R N
E R N
E R N
E R N
E R N
E R N

Redundant
Component

List redundant item
number

Support System
Required

List function (i.e., power,
cooling water, etc.)

D.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

D.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?

If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table 3-3.

Support System Component Identification Cross Reference

No.

Support
Function

Description

Component Where
Support System
Identified

System Worksheet Used
to Describe Support
Function System

10

11

12

13

14

15

16

17

18

19

20
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KEY
SYMBOL NAME MEANING

Component above gate functions
D AND GATE | ¢ components below function

Component above gate functions
Q OR GATE if any component below functions

| |
Life Safety Business
Functions ) Operation Functions

Figure 3-1:  Facility Top Logic Model
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Facility ;
Name '

KEY

SYMBOL NAME MEANING
Component above gate functions
D AND GATE it o)) components below function
Q OR GATE Component above gate functions

if any component below functions

Life Safety
Functions

Operation Functions

Business

|

Function Function Telecommunications
A B Equipment
Facility :
Name .
| | |
Life Safety Telecommunications Business
Functions Equipment Operation Functions
Function Function
A B
Figure 3-2:  Equivalent Logic Model Configurations
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KEY

SYMBOL NAME

MEANING

D AND GATE
Q OR GATE

Component above gate functions
if all components below function

Component above gate functions
if any component below functions

Systems

Life-Safety E

Fire Gas Elevator Stairway
Response Shut-off Stopping System Emergency Lighting
N
Fire Detection Active Fire Air Duct Fire and
and Alarm Suppression Systems Smoke Dampers
Figure 3-3:
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KEY

SYMBOL NAME MEANING

Component above gate functions
D AND GATE if all components below function

Component above gate functions
Q OR GATE if any component below functions

Fire Detection
and Alarm

ESSENTIAL
I | 1 1
I . . ! 1
Fire Alarm Fire Fire Alarm
i Panel Detection Indicating Device | |
I - - 6} I
REDUNDANT

e I —— 1
1
| [ | |
Smoke Pull Heat Sprinkler !
Detection Stations Detectors Flow Sensors :
|
C) I
i
f
I
|
|
| | ] |
Spot Smoke Line HVAC Duct 1
Detectors Smoke Detectors Smoke Detectors |
|
|

Figure 3-4:  Fire Detection and Alarm Logic Example
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SECTION 4
EVALUATING COMPONENTS

This chapter of the handbook describes the process of evaluating individual equipment system
components. Data sheets, or score sheets, are to be filled out for each individual major

equipment item or system, as appropriate. This section contains instructions for evaluating the
items and assigning scores.

41  Required Information

Prior to performing the evaluation of components, the user should have certain knowledge and
data about the facility and the systems being evaluated. The following should be considered a
partial list of information that should have been gathered and compiled:

a) A list of components to be evaluated, as described in Section 3.

b) An understanding of the functional requirements of each component, as
discussed in Section 4.2.

c) An understanding of the ground motion expected at the site, as discussed in
Section 4.3. This could be in the form of standard hazard maps as used in
building codes.

d) An understanding of the general soil conditions at the site. Specifically, the
reviewer should determine if the facility is founded on very soft soils (e.g., Class
S4 in the 1994 UBC, SF in the 1997 UBC, or Class F in the 1997 NEHRP
provisions). This information should be available from a variety of sources, such
as soil reports produced for building construction, from USGS maps, or from
local agencies.

4.2  Understanding Functional Requirements for Components

This evaluation process uses consequence-based evaluations. It is crucial to understand that the
intent of this process is not to ensure that every component meets a particular standard, such as
a building code for new design. Rather, the primary goal is to ensure that the component has
sufficient reliability so as to not cause the entire system or facility to shut down.

The scoring process used in this chapter assumes that every component is being checked for its
ability to continue functioning after an earthquake. In some cases, this may require user
intervention, such as resetting of relays or switches, or manual start. Those requirements

should have been incorporated into the system identification process using Section 3 of this
handbook.
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An individual component may in fact have one of a number of performance requirements, such
as:

a) Required to function during an earthquake

b) Required to function after an earthquake

) Required to provide containment of materials (e.g. tanks)

d) Required to maintain position (no active function, but cannot move)
e) Required to maintain overall structural integrity (not collapse)

f) Combinations of the above

It is assumed throughout this process that the user has information or the ability to determine
the functional requirements of each individual component. The user is expected to be able to
determine the appropriateness and applicability of individual items on the score sheet, given
those requirements. That may be especially true in those situations where functionality is
limited to only a portion of a particular equipment item (e.g. a control panel). The person
performing the review is expected to be able to judge whether or not specific items on the score
sheet may be neglected.

4.3  Determining the Seismic Hazard at Your Site

Figure 4-1 shows an example data sheet for one type of equipment. The first step in component
assessment is to identify the seismic load level that the component is expected to experience.
This is a function of the regional seismicity, expressed in terms of the seismic zone, and the
location in the building. The matrix in the data sheet is used to assign a load level classification
to account for both of these features.

If your site is founded on very soft soils (e.g., Class S4 in the 1994 UBC, SF in the 1997 UBC, or
Class F in the 1997 NEHRP provisions) the earthquake load level classification one level should
be used that is one value more conservative than otherwise shown in the matrix. In other
words, those facilities listed as D on the matrix should use the scores from column E. Those
who are already listed at classification E would continue to use the “E” values.

Note that the determination of seismic zone need only be done one time for the entire facility,
with the same zone used for all components. The location of the building should be

determined for every equipment item. If unknown, the most conservative values will be for the
upper portion of the building.

The following should be considered when using this matrix.

n Seismic zone refers to the classification applied by local regulating authorities to
describe the seismicity at the facility location. These are generally found in
model codes that are adopted by a locality, such as the Uniform Building Code,
Standard Building Code, or National Building Code. The zones in the data sheets are



referenced to the two most common zonations for the United States, from the
Uniform Building Code (UBC), and the Provisions from the National Earthquake
Hazard Reduction Program (NEHRP). The NEHRP provisions have been adopted
by model code agencies and other industry standards and are now used in many
parts of the country.

u If the individual has specific data on the site, such as site seismicity from a
hazards analysis, that may affect seismic response of equipment components,
that data may be incorporated into the component evaluation by a modification
of the effective zone and seismic load level classification. To properly make such

- modifications, the individual should understand the derivation of those load
level classifications.

n Location in the building is relative to the overall height of the building,
measured generally in terms of lower 1/3, middle 1/3, and upper 1/3. Some
judgment should be applied, such as considering the location of the attachment
of the component to the building structure. The height of the building should be
considered the height of the portion of the building containing the component,
as measured from the top of foundation to the roof.

For a single story building, items mounted on the floor will generally be
considered to be in the lower 1/3, while items mounted from the ceiling will be
considered to be in the upper 1/3.

44  Choosing the Correct Data Sheets

For each of the major system components identified as within the analysis scope, a component
assessment should be performed. This method uses component data sheets, found in
Appendix B.

A list of the data sheets provided in Appendix B is shown in Tables 4-1 and 4-2. These tables

contain the same information, sorted alphabetically by component and by the classification
used here.

Selection of the correct data sheets should be obvious for most major electrical and mechanical
equipment items. However, data sheets have not been developed for every possible equipment
item or configuration of equipment. Data sheets may also not be available for unique items that
are specific to a given industry. In addition, particular industries may use certain equipment
items that have been adapted to that industry in a way that could affect the response to
earthquake loads. In selecting data sheets, the following should be considered:

u Equipment items should be considered similar to those on data sheets if they
have the same general characteristics as that equipment and would be expected
to respond in a similar manner to earthquake loading. The characteristics that
should be considered include general construction, anchorage, mass distribution,
typical size, typical aspect ratio (height to width), and functional requirements.
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u The individual should be aware of differences in the equipment, especially with
regards to reasons why the equipment being evaluated may be more sensitive to
earthquake shaking than the equipment considered in the data sheets. This
includes internal components, such as electrical subcomponents that may short
out the equipment due to rocking, relays or switches that could cause the
equipment to cease functioning, or control boards that can detach and slide.
Any such differences should be identified, and documented as described in
Section 3.6.

] The individual should also consider whether the design was similar for the
component being evaluated and the typical components for which data sheets
are provided. For example, the individual should determine whether the
components are typically engineered for seismic loads, whether they are tested
for shaking, whether they are sensitive to shaking in the frequency range typical
of earthquakes, and whether anchorage is engineered for seismic loads.

u When using a different data sheet than provided for a specific class of
equipment, the individual should assess the appropriateness of the modification
factors, as described in Section 3.6, and make appropriate adjustments. For
example, if the item being assessed is more sensitive to impact from falling
objects than the data sheet component, that factor may be increased to account
for that effect.

4.5  Performing the Assessment

4.5.1 Level of Detail

The method presented in this handbook is a screening assessment. It is intended for rapid use to
identify obvious problems that require immediate attention and to prioritize potential upgrades
and more detailed analyses. It is intended that the review will be primarily visual, although it
may require a review of available drawings or specifications.

The data sheets used may not address every situation that might occur. They were developed

to address weak links that have been proven to be causes of functional failure in past
earthquakes.

It is also important to remember that the score sheets are intended only to help identify issues

that will affect an items ability to function. They are not intended to identify all damage, such
as dings and dents, if they don't affect the function.

4.5.2 Assigning the Basic Score
As shown in Figure 4-1, a basic score is provided for each of the load level classifications. The

basic score in the appropriate column should be circled on the data sheet. This is generally
considered to be a measure of the reliability of an item installed using “good” standard
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installation practices in a seismic region, including engineered anchorage. It generally does not
include testing of components, or special seismic considerations other than the anchorage.

4.5.3 Assigning Performance Modification Factors (PMFs)

The Performance Modification Factor (PMF) is intended to be a measure of how much the
reliability of an item will decrease under specific conditions.

As shown in Figure 4-1, several potential vulnerabilities have been identified for each general
type of component, with PMFs assigned. The next step in the evaluation process is to identify
which PMFs are applicable to the specific component being evaluated. The individual should
use the column on the score sheet for the appropriate seismic load level classification, the same
as used for the basic score.

The values assigned to all applicable PMFs should be circled in that column. It is critical that
the evaluator not simply evaluate for the worst-case PMF and then stop the evaluation process.
The scoring process uses the worst case, (i.e. largest) PMF to reduce the total score. However, if
that value is changed because of additional information, upgrades to the equipment, or any
other reason, the next largest PMF becomes the reduction factor, and so on.

When using the complete methodology of this handbook, the review of all PMFs is used in the
Risk Management process, described in Chapter 6. It is important to understand a fix or
modification to an item will increase the score, or whether other PMFs will then govern.

The following points should be considered when performing evaluations using the data sheets
of Appendix C:

| Guidance is provided on the data sheet as to the intent of the PMF. If there is
any doubt as to the applicability, the reviewer should circle the PMF so that it
can be evaluated later in more detail.

] When lacking data due to inaccessibility, lack of drawings, or other reasons, the
reviewer should make the most conservative assumptions with regards to
identifying applicable PMFs. The reason for the conservative assumption should
be noted on the data sheet so that those PMFs can be reassessed with better data
if necessary.

] The PMFs identified during this phase of the evaluation can be changed or
neglected later, as described in the risk assessment tasks of Chapter 6. Any
unsubstantiated assumptions should be documented and reviewed for
appropriateness and importance.

] Data sheets, such as in Figure 4-1, typically will have a PMF marked as “Other”,
without associated values or specific issues identified. This is a caution that it is
impossible to cover all possible conditions with meaningful PMFs. For example,
severely corroded connections on a component may lead the reviewer to
question the capability of a component to survive earthquake loading. The user
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must exercise some judgment as to the amount of weight to put on each of these
concerns and assign a value accordingly.

Although it is very difficult to assign PMFs without understanding where each
number comes from, the user is expected to make his or her best estimate of the
relative importance of other issues, compared with the items documented on the
data sheets. Always remember that the intent is to address issues that affect the
function of an item.

It should be remembered that PMFs will always reduce the total score.

'45.4 Calculating the Total Component Score

The total score for a component is calculated by subtracting the worst case PMF from the basic

score. That value is then used in the systems analysis, as described in Chapter 5. The reviewer
should note the following:

Because all applicable PMFs have been identified, the total score is subject to
change as more refined analyses are performed, upgrades are performed, or
systems are modified, as discussed in Chapter 6. If it is determined that a PMF
should be reduced, or neglected, the total score may be recalculated, subtracting
the largest of the remaining applicable PMFs from the basic score.

A relatively low component score does not necessarily indicate that an upgrade
will be required. The systems analysis, as described in Chapter 5, is intended to
account for the importance of the equipment item, system redundancies, and
other factors in quantifying system reliability. However, the reviewer may
identify obvious sources of low scores that can be easily and inexpensively
modified, such as replacement of missing nuts and bolts, or anchorage of
equipment. Those items should be identified for consideration in the risk
management tasks of Chapter 6.

4.6  Summary of Procedure to Calculate Scores

The following is a summary of the steps outlined in this Chapter:

1.

Gather a List of Components to Be Evaluated: Use the results from the
evaluation performed in Section 3.

Understand the Requirements of Each Component: Make sure you understand
what each item is actually required to do following an earthquake. We do not
want to spend time and effort on the types of minor damage that do not affect an
items ability to continue to perform its required function.

Determine the Seismic Hazard at Your Site: This is done one time for the entire
facility. Use the building codes referenced in Section 4.3 of the Handbook.
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Choose the Data Sheet for Each Component: Data sheets have been developed
for major equipment items typically found in key systems in critical facilities.
These sheets may not exactly cover each item. Tables 4-1 and 4-2 list typical
components covered in those sheets. For other items, use similarity comparisons
as discussed in Section 4.4 of the Handbook.

Assign the Earthquake Load Level for the Component: This considers that the
actual shaking is a function of the seismic hazard at the site and the location in
the building. An adjustment is made if your site is on very soft soils.

Assign a Basic Score: Use the earthquake load level from Step 5.

Circle ALL PMFs that are Applicable: Guidance is given as to the intent of each
PMF on the data sheet. If it applies to the item you are evaluating, circle the
PMF in the same column as the basic score (corresponding to the earthquake
load level). Be sure to circle all PMFs that apply. Even though only the largest
PMF is used (see Step 8 below), these sheets may be changed later if more

detailed evaluations are done, or modifications are made and other PMFs may
govern.

Calculate the Total Score: This is the Basic Score minus the largest circled PMF.
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Table 4-1. Index of Components Included in Rapid Visual Screening Score Sheets
(Sorted Alphabetically by Score Sheet Identifier)

Component Score Sheet Classification

Ductwork DS-01 Distribution Systems

Piping (buried) DS-01 Distribution Systems

Piping (above ground) DS-02 Distribution Systems

Cable: DS-03 Distribution Systems

Cable Tray DS-03 Distribution Systems

Conduit DS-03 Distribution Systems

Motor Control Center EL-01 Electrical Equipment

Switchgear EL-02 Electrical Equipment

Transformer EL-03 Electrical Equipment

Control Panel EL-04 Electrical Equipment

Distribution Panel EL-05 Electrical Equipment

Battery Rack EL-06 Electrical Equipment

Battery Charger EL-07 Electrical Equipment

Generator EL-08 Electrical Equipment

Alarm (fire pull station) FP-01 Fire Protection Equipment

Alarm (smoke, fire, heat) FP-01 Fire Protection Equipment

Detectors (smoke, fire, heat) FP-01 Fire Protection Equipment

Monitors (smoke, fire, heat) FP-01 Fire Protection Equipment

Sensors (smoke, fire, heat) FP-01 Fire Protection Equipment

Dampers (smoke, fire) FP-02 Fire Protection Equipment

Fire Extinguisher FP-02 Fire Protection Equipment

Fire hose station FP-02 Fire Protection Equipment

Valve (fuel shutoff) FP-02 Fire Protection Equipment

Piping (fire protection) FP-03 Fire Protection Equipment

Sprinkler Head FP-03 Fire Protection Equipment

Fan HV-01 HVAC Equipment

Air Handler HV-02 HVAC Equipment

Chiller HV-03 HVAC Equipment

Lighting (in suspended ceiling) | MB-01 Miscellaneous Building Components
Raised Access Floor MB-01 Miscellaneous Building Components
Suspended Ceiling MB-01 Miscellaneous Building Components
Elevator MB-02 Miscellaneous Building Components
Elevator (derailment detector) MB-02 Miscellaneous Building Components
Communications Control MC-01 Miscellaneous Computer Equipment
Equip.

Computer (mainframe) MC-01 Miscellaneous Computer Equipment
Computer (micro, pc) MC-01 Miscellaneous Computer Equipment
Computer (mini) MC-01 Miscellaneous Computer Equipment
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Table 4-1 (cont.). Index of Components Included in Rapid Visual Screening Score Sheets
(Sorted Alphabetically by Score Sheet Identifier)

Component Score Sheet Classification

Computer (peripherals) MC-01 Miscellaneous Computer Equipment
Document Handling Equipment | MC-02 Miscellaneous Computer Equipment
Media Rack MC-02 Miscellaneous Computer Equipment
Medical Equipment (lab) MD-01 Medical Equipment

Medical Equipment (unit) MD-01 Medical Equipment

Refrigerators (blood bank) MD-01 Medical Equipment

Generator (portable) ME-01 Miscellaneous Electrical Equipment
Power Transfer Equipment ME-01 Miscellaneous Electrical Equipment
Lighting (emergency stairway) | ME-02 Miscellaneous Electrical Equipment
Lighting (temporary) ME-02 Miscellaneous Electrical Equipment
Pump MN-01 Mechanical Equipment

Valve MN-02 Mechanical Equipment
Compressor MN-03 Mechanical Equipment

Cooling Tower MN-04 Mechanical Equipment

Boiler MN-05 Mechanical Equipment

Electrical Power (off-site) 0s-01 Off-Site Systems

Natural Gas (off-site) 0Ss-01 Off-Site Systems

Water, domestic (off-site) 0s-01 Off-Site Systems

Water, fire (off-site) 0s-01 Off-Site Systems

Cable Entrance Facility TC-01 Telecommunications Equipment
Rack Mounted Components TC-01 Telecommunications Equipment
Communications (microwave) TC-02 Telecommunications Equipment
Communications (radio) TC-02 Telecommunications Equipment
Communications (telephone) TC-02 Telecommunications Equipment
Tank (on legs) TK-01 Tanks

Heat Exchanger TK-02 Tanks

Tank (horizontal) TK-02 Tanks

Tank (vertical, anchored) TK-03 Tanks

Drum TK-04 Tanks

Tank (vertical, unanchored) TK-05 Tanks
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Table 4-2. Index of Components Included in Rapid Visual Screening Score Sheets
(Sorted Alphabetically by Component)

Component Score Sheet Classification

Air Handler HV-02 HVAC Equipment

Alarm (fire pull station) FP-01 Fire Protection Equipment

Alarm (smoke, fire, heat) FP-01 Fire Protection Equipment

Battery Charger EL-07 Electrical Equipment

Battery Rack EL-06 Electrical Equipment

Boiler MN-05 Mechanical Equipment

Cable DS-03 | Distribution Systems

Cable Entrance Facility TC-01 Telecommunications Equipment
Cable Tray DS-03 Distribution Systems

Chiller HV-03 HVAC Equipment

Communications (microwave) | TC-02 Telecommunications Equipment
Communications (radio) TC-02 Telecommunications Equipment
Communications (telephone) TC-02 Telecommunications Equipment
Communications Control MC-01 Miscellaneous Computer Equipment
Equip.

Compressor MN-03 Mechanical Equipment

Computer (mainframe) MC-01 Miscellaneous Computer Equipment
Computer (micro, pc) MC-01 Miscellaneous Computer Equipment
Computer (mini) MC-01 Miscellaneous Computer Equipment
Computer (peripherals) MC-01 Miscellaneous Computer Equipment
Conduit DS-03 Distribution Systems

Control Panel EL-04 Electrical Equipment

Cooling Tower MN-04 Mechanical Equipment

Dampers (smoke, fire) FP-02 Fire Protection Equipment

Detectors (smoke, fire, heat) FP-01 Fire Protection Equipment
Distribution Panel EL-05 Electrical Equipment

Document Handling Equipment | MC-02 Miscellaneous Computer Equipment
Drum TK-04 Tanks

Ductwork DS-01 Distribution Systems

Electrical Power (off-site) 0S-01 Off-Site Systems

Elevator MB-02 Miscellaneous Building Components
Elevator (derailment detector) | MB-02 Miscellaneous Building Components
Fan HV-01 HVAC Equipment

Fire Extinguisher FP-02 Fire Protection Equipment

Fire hose station FP-02 Fire Protection Equipment
Generator EL-08 Electrical Equipment

Generator (portable) ME-01 Miscellaneous Electrical Equipment
Heat Exchanger TK-02 Tanks

Lighting (emergency stairway) | ME-02 Miscellaneous Electrical Equipment
Lighting (in suspended ceiling) | MB-01 Miscellaneous Building Components
Lighting (temporary) ME-02 Miscellaneous Electrical Equipment
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Table 4-2 (cont.).

Index of Components Included in Rapid Visual Screening Score Sheets

(Sorted Alphabetically by Component)

Component Score Sheet Classification

Media Rack MC-02 Miscellaneous Computer Equipment
Medical Equipment (lab) MD-01 Medical Equipment

Medical Equipment (unit) MD-01 Medical Equipment

Monitors (smoke, fire, heat) FP-01 Fire Protection Equipment

Motor Control Center EL-01 Electrical Equipment

Natural Gas (off-site) 0S-01 Off-Site Systems

Piping (above ground) DS-02 Distribution Systems

Piping (buried) DS-01 Distribution Systems

Piping (fire protection) FP-03 Fire Protection Equipment

Power Transfer Equipment ME-01 Miscellaneous Electrical Equipment
Pump MN-01 Mechanical Equipment

Rack Mounted Components TC-01 Telecommunications Equipment
Raised Access Floor MB-01 Miscellaneous Building Components
Refrigerators (blood bank) MD-01 Medical Equipment

Sensors (smoke, fire, heat) FP-01 Fire Protection Equipment

Sprinkler Head FP-03 Fire Protection Equipment
Suspended Ceiling MB-01 Miscellaneous Building Components
Switchgear EL-02 Electrical Equipment

Tank (horizontal) TK-02 Tanks

Tank (on legs) TK-01 Tanks

Tank (vertical, anchored) TK-03 Tanks

Tank (vertical, unanchored) TK-05 Tanks

Transformer EL-03 Electrical Equipment

Valve MN-02 Mechanical Equipment

Valve (fuel shutoff) FP-02 Fire Protection Equipment

Water, domestic (off-site) 0S-01 Off-Site Systems

Water, fire (off-site) 0S-01 Off-Site Systems
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ID Number

Batteries and Racks

Comments

(circle a Basic Score and

EL-06

Earthquake Load Level (circle one letter)

| Location in Building

‘ . | Bottom | Middle
NEHRP UBC | Third | Third hir
1-3 1 A A A
| 45 2 A B C
6 3 B C D
7 4 C D E

Scores and Modifiers - Batteries and Racks

all PMFs that apply - use th

e column indicatec_i by the Earthquake Load Level above)

Description A BE o c D E

Basic Score 6.0 55 51| 46 4.2
1. No anchorage 2.2 2.2 2.2 22 2.2
2. “Poor” anchorage 2.0 20 2.0 2.0 2.0

P | 3. No battery spacers 2.2 2.2 2.2 22 2.2
4. No longitudinal cross-bracing 2.0 2.0 2.0 20 2.0

F | 5. No battery restraints 2.4 2.4 2.4 24 2.4
6. Interaction concerns 2.4 24 24 24 2.4
7. Other

Final Score

= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any

question about an item, note it and select the appropriate PMF. See the following page
for PMF guidelines.

Figure 4-1:

Battery Score Sheet



1,2

EL-06

Performance Modification Factors (PMFs)
If there are no anchor bolts at the base of the frame, select PMF 1. If the anchors appear to
be undersized, if there are not anchors for every frame of the rack, or if the anchorage
appears to be damaged select PMF 2.

Look for stiff spacers, such as Styrofoam, between the batteries that fit snugly to prevent
battery pounding. If there are none, select PMF 3.

The rack should provide restraints to assure that the batteries will not fall off. The top photo
shows a rack with no restraints, while the photo to the left shows a rack with restraints.
Select PMF 4 if adequate restraint is not provided.

Racks with long rows of batteries need to be sufficiently stiff or braced longitudinally as
shown in the photo to the left. Select PMF 5 if no cross-bracing is present.

If large items such as non-structural walls could fall and impact the battery racks, select
PMF 6.

For other conditions that the reviewer believes could inhibit battery function following an
earthquake (e.g., a history of problems with this piece of equipment), assign a PMF value
relative to the existing PMFs in the table. Add a descriptive statement for the concern.

Figure 4-1:  Battery Score Sheet (cont.)
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SECTION 5
EVALUATING SYSTEMS

This chapter of the handbook describes the process of evaluating systems. Data sheets, or score
sheets, will have been filled out for each individual major equipment item or system, using the
data sheets provided in Section 4 and Appendix C. This section contains instructions for

evaluating the systems and assigning scores. This method can be used for an individual system
or for an entire facility.

51 Required Information

Prior to performing the system evaluation, the user should have the following information
available:

a) A list of components with system relationships described graphically, as
described in Section 3.

b) Scores for each component, using the methods of Section 4.

5.2  Background

This chapter describes a simple, standard method of generating system scores based on
component evaluations. This method is not intended to give a mathematically rigorous and -
precise calculation of system reliability. Rather, it is intended to use straightforward rules to
give reasonable estimates of the system reliability.

The supporting documentation for this handbook provides more detail regarding the
derivation of this scoring method.

5.3  Types of Systems

The logic trees used to describe the system will describe system dependencies in one of two
ways, either using an “AND” gate, or an “OR” gate. Users familiar with detailed risk analyses
will recognize that there are several other options that can actually be used to describe

component dependencies; however, they are considered to be much too complex for use in this
methodology.

The following paragraphs, along with the figures of Section 5, describe these ways of defining
the system.
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5.3.1 Redundant Systems

The ability of a system to perform its function despite the failure of one or more components
indicates redundancy in the system. This is a key element in the methodology described in this
recommended practice. Although damage to a system is not desirable, it may not require
mitigation if redundancy is present.

The “OR” gate represents a redundant path, where as long as either component A or
component B is functioning, the system will continue to function.

5.3.2 Dependent Systems

A dependent system, or portion of a system, is a situation where failure of any one item will
cause the entire system to fail.

The “AND” gate represents a dependent path, where both component A and component B
must function for the system to continue to function.

54  Rules for Calculating System Scores

5.4.1 General Rules

The system diagrams developed according to the guidelines in Chapter 3 are used as the score
sheets for their respective systems. System scores are calculated as follows:

] Assign the component score determined using the guidelines in Chapter 4 to the
appropriate box on the system diagram. An example is shown in Figure 5-1.

| System scores are calculated by following the system diagram from the bottom
' to the top. The “and” and “or” gates indicate how the individual component
scores are combined as the reviewer moves up the diagram. The final score for
the system is the combination of all the individual component scores following
the rules of this section and is recorded in the box at the top of the diagram.

| In figure 5-1, all components connected to the “and” gate under the right hand
branch of “Water Pumps” are required to function, so that path is dependent.
Only one of the components connected to an “or” gate, such as under “Water
Supply” is required to function, so that path is redundant. Note that in this
example, there are several “nested” branches that are both redundant and
dependent. Each branch, or set of boxes, under a given gate should be
considered separately and have a number assigned.

Rules for combining component scores in dependent and redundant systems are described
below.
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5.4.2 Rules for Redundant Systems

When a group of components is linked by an “or” gate (indicating redundancy), the
recommended overall score for that group is the highest of the component scores (Smax) plus a
factor (f). This factor depends on the number of redundant components (N) and takes the form:
f =0.5(N-1). Thus, the score for a redundant group of components is: Smax + 0.5(N-1). See
Figure 5-2 for an example. :

5.4.3 Rules for Dependent Systems

When a group of compohents is linked by an “and” gate (indicating dependency), the
recommended overall score for that group is the lowest of the component scores, Smin. See
Figure 5-3 for an example.

5.4.4 Special Considerations

System reliability can be affected by circumstances, such as requirements for operator actions
(e.g. reset of relays), inaccessibility to components and controls, or general reliability (e.g., a
history of maintenance problems with a piece of equipment). These factors may have already
been addressed during the system identification described in Chapter 3. They will have an
effect on the risk management portion of this assessment, as described in Chapter 6. Any
special considerations related to system function should be noted so they can be evaluated and
addressed as part of the risk management implementation.
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KEY
SYMBOL NAME MEANING

Component above gate functiond
D AND GATE i all components below function

For details see () | oronte | gomporentaboregee ncton
Figure 5-2

Fire
Suppression |
5.30

1

Piping
5.30

Suart0.5(N-1) = 4.90 Spat0.5(N-1) = 5.55

For details see

Figure 5-3
City Storage
Water Tank
3.50 4.40
Z

e

S, =505
Sact0.5(N-1) = 5.66
Building Emergency Elecfric Day Storage Diesel
Power Generator Puj p Tank Drums Pump
3.75 5.16 54 6.19 5.03

\ 5.31

Figure 5-1:  Illustration of system scoring
Numbers shown were selected for illustrative purposes only.
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e +0.5(N-1) = 4.90 Q

Water

Supply
4.90

City
Water
3.50

Storage
Tank
4.40

The water supply can be provided by either an on-site storage tank or a
connection to the municipal water supply. The score for this redundant
subsystem is dependent on the number of redundant components (N = 2)
and the highest component score (S, = 4.40). The formula to calculate
the water supply score is shown above.

Figure 5-2:  Sample Redundant System
Pump
System
5.03
l I Smin = 5.03
Day Storage Diesel
Tank Drums Pump
5.18 6.19 5.03
Start -
Valves Piping
System
5.31 5.39 5.30

The pump system will not function unless all its components function. The
score for this dependent system is controlled by the lowest component score.
In this case the diesel pump (S = 5.03) is the controlling component.

Figure 5-3:  Sample Dependant System
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SECTION 6

RISK MANAGEMENT

6.1 Background

Previous sections of this handbook have described how to identify systems and components
and perform evaluations. After these evaluations are made, the results must be interpreted
correctly if reasonable decisions are to be made. This chapter discusses issues related to that
decision making process.

6.2 Required Information

The review of critical electrical and mechanical systems and their components provides the
information necessary to create a specific plan for improving a facility’s post-earthquake
functionality. To accomplish this, information from the earlier portions of this program are
used as follows:

] Results of the systems evaluation are used to identify which systems constitute
potential weaknesses in overall facility reliability, and which components
constitute weaknesses in each system’s reliability.

| Results of component evaluation are used to determine causes of low reliability
of those components identified in the previous step.

With this information, an action plan can be developed to mitigate risks to an acceptable level.
It must always be remembered that the action plan does not require fixing all “problems” or
“deficiencies” that were identified during the component review. If they do not affect the
functionality of the system, they may be considered to be acceptable.

6.3  Philosophy

Risk is generally considered to be a measure of human injury or economic loss in terms of both
likelihood (frequency) and the magnitude of loss or injury (consequences). In the process
outlined in this handbook, the measure of risk is presented in terms of a score. A larger score
indicates less risk and higher reliability.

This entire process is intended to be performed as a screening assessment. It is intended to
highlight important system components, their interactions, and their impact on system
function. It is not intended to be the only indicator of where upgrades or repairs should be
made. Rather, it should be considered to provide a consistent method for identifying obvious
vulnerabilities and prioritizing potential risk mitigation measures.

Acceptance criteria are established by facility operators and owners, or local governing

regulating agencies, as appropriate. When one of the intentions of risk management is to
satisfy regulatory requirements, then all systems are compared to the acceptance criteria. Those
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systems that do not meet the criteria can be addressed using one of the mitigation strategies
described below '

6.4 Risk Management Implementation

Risk mitigation is not limited to physical repairs to equipment or systems. Mitigation can be
achieved through means such as upgrades, analyses and emergency response procedures. Risk
management is the process of assessing various mitigation options and selecting appropriate

measures

Figure 6-1 shows the overall process of implementing risk management. The main steps of the
overall implementation process are as follows:

1.

Acceptance Criteria. A score has been calculated for each critical system
identified and reviewed during the screening process. Each system should be
ranked using these scores so that the highest risk systems (lowest scores) are
assigned as the highest priority. Examples of suggested risk categories to be
used for acceptance criteria are presented in Table 6-1.

Identify and Review Controlling Components. For every critical system, the
component(s) causing the “low” system score should be identified. These
critical components should be reviewed in more detail. The first step is to verify
that the basic score and modifiers were correctly applied during the screening
process. Ensure that there is no additional information available that could be
included to reduce conservatism of the original analysis. An action plan should
then be developed to mitigate the vulnerabilities. It is import to address all
vulnerabilities that could would cause the system score to not meet the
acceptance criteria, not just the “worst case” vulnerability, i.e. the highest
assigned PMF, identified during the screening process.

Identify Mitigation Strategies. As part of an action plan, one or more of the
following methods may be used to increase the calculated reliability of critical
components. They are discussed in more detail in Section 6.6.

u Perform detailed analyses - This is used to demonstrate a greater reliability
for the component than was previously estimated. It can result from
different analysis techniques, or the consideration of additional data
made available.

] Upgrade the component - This can include repairs, replacement or
modification of the component.

] Modify the system - This can be used to bypass the critical component so
that it will not adversely affect system function, or to add redundancy to
increase reliability of the system.

] Identify other reasonable means or justification. - This would usually involve
an emergency response plan or similar document, and could include



procedures for manual intervention to prevent system failure after a
seismic event or replacement of damaged equipment with spare parts.
These types of justification should be reviewed carefully on a case-by-
case basis.

4. Emergency Preparedness Plan. After identifying means to achieve desired risk
reduction in all critical systems, it is highly recommended that the emergency
response plan should be reviewed for each facility. Section 5.6 discusses
considerations for this process.

6.5  Acceptance Criteria

The screening process provides results that are useful in ranking systems and components
relative to each other. Overall system reliability indicators of critical systems may need to also
be compared to acceptance criteria to determine whether mitigations are necessary. An
example acceptance criteria is presented in Table 6-1.

Note that in this handbook, specific pass/fail acceptance criteria are not used. The numbers in
table 6-1 are examples only. The supporting documentation manual for this handbook

provides a reference (Porter, et.al., 1997) and some discussion on how these criteria can be
developed.

When acceptance criteria are used with this handbook, the following considerations should be
incorporated:

] It should be noted that these acceptance criteria are to be applied to the systems
to address system functionality after an earthquake. They are not intended to
provide acceptance criteria for individual components.

] Scores which are lower than the governing acceptance criteria may be justified.
In those cases, caution should be used to ensure that unsubstantiated
assumptions are not made in the justification process.

6.6  Mitigation

There are many strategies available to reduce the risk present in a component, a system or a
facility. This section discusses several methods of mitigating specific items.

For example, using the acceptance criteria and classification of Table 6-1, mitigation would be
required for all vulnerabilities that could cause the component to fall into the “high” or “very
high” risk categories. There may be multiple vulnerabilities present in a system or in an
individual component that would result in such an unacceptable classification. An action plan
may involve implementing more than one of the mitigation strategies described below.

1. Perform Detailed Analyses. Additional analyses can provide more specific

details on whether vulnerabilities can be reduced or eliminated altogether.
Examples of detailed analyses include the following:
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n Additional Screening Review of Specific Vulnerabilities. The screening
process provides a first look at a piece of equipment or a system. During
this process a large number of items are reviewed and some details may
not be recorded or may be missed. A reasonable analysis approach
should include reassessing the smaller list of important vulnerabilities
identified for critical components. This additional review may be
performed by engineering personnel.

] Incorporation of Additional Data. As appropriate, reassess each important
vulnerability identified during the screening process, incorporating data
not available during the screening process. For example, where
equipment anchorage or the attachment of internal components could
not be accessed, additional data may be available from drawings or from
opening up equipment to inspect anchor bolts, welds, or attachments.

n Anchorage or Load Path Review. Screening assessments may identify
anchorage or the equipment load path as the controlling vulnerability.
More detailed analyses may include specific calculations of capacity and
comparison to seismic loads. These would generally be performed in
conjunction with the governing seismic code, as specified by the
regulating agency.

u Systems Interaction Review. Screening assessments may identify
vulnerabilities associated with equipment displacement or impact as the
most important. Example calculations to address these issues would be
verification of anchorage, or determination of relative displacements and
comparison to separations or comparison of resulting stresses to
allowable stresses. Codes or accepted industry standards, as appropriate,
should be used to determine whether results are considered acceptable.

u Equipment Specific Concerns. The screening process may identify concerns
for specific components that are related to unique details, configurations,
or other concerns that are difficult to address through typical structural
calculations. Options for further analysis would include shake table
testing or comparison to tests of similar components or a detailed review
of the historic performance of the specific equipment type should be
performed to demonstrate its acceptability.

Upgrade Components. Whether demonstrated by detailed analyses or
determined to be appropriate based on inspection, some items require repair or
replacement to mitigate a vulnerability. The use of one or more of these options
should be determined based on the most efficient risk reduction available.

u Repair or Modification. As appropriate for the component, a vulnerability
may be mitigated by repairing or modifying its operation, configuration,
construction, or other structural details. Repairs or modifications should
not compromise any safety features of the system or component or cause
it to operate outside its normally accepted limits.
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Replacement. As appropriate for the component, a vulnerability may be
mitigated by replacement. All replacement items should provide
performance equal to or better than the original component and provide
an acceptable risk ranking.

Modify System. Whether demonstrated by detailed analyses or determined to
be appropriate based on inspection, some systems may require modification to
mitigate a vulnerability. The use of one or more of these options should be
determined based on the most efficient risk reduction available.

Redundancy. As appropriate for the component, a vulnerability may be

‘mitigated by installing a redundant component or pathway. For

maximum benefit the redundancy should be capable of providing the
same or better functionality to the system without use of the vulnerable
component.

Bypass. As appropriate for the component, a vulnerability may be
mitigated by bypassing the vulnerable component or pathway using
physical or procedural controls. No bypass should compromise any
safety features of the system or component or cause it to operate outside
its normally accepted limits.

Identify Other Reasonable Means of Justification. This could involve any of
the following:

Demonstration of adequate emergency plan. A facility may have an
emergency plan that considers earthquake effects and the critical facility
functions. It is possible that system failures may be accommodated by
other means, such as using other corporate facilities, using spare
inventory for a designated time, etc. Section 5.6 discusses several
considerations for reviewing these types of plans to ensure appropriate

applicability.

Identification that manual intervention can be utilized. In some instances,
operators will identify that manual intervention is acceptable for specific
vulnerabilities, such as reinsertion of circuit boards that may become
dismounted. If such an action is used for justification, the
appropriateness again should be carefully reviewed. Several items
should be verified, such as whether the operator or other qualified
personnel are available to perform that function at all times, whether
specially trained personnel are required, whether the equipment is easily
accessed, or whether other utilities (e.g. power, water, etc.) are required
for the operator to perform the function. This justification should be
carefully considered to ensure that any similar concerns are addressed.

Awailability of spare parts or equipment. A low system score may be

justified if the particular components resulting in the low score can be
easily repaired within an acceptable time frame and spare parts and
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equipment are kept in stock. Again, several issues should be carefully
reviewed, such as whether the spare parts are readily accessible, whether
trained personnel are required and available, whether other services (e.g.
power) are required to perform the necessary repair or replacement. This
justification should be carefully considered to ensure that any similar
concerns are addressed.

6.7  Emergency Response Plan

1.

General. An Emergency Response Plan (ERP) is a set of procedures that provide
a method of addressing the most critical functions of emergency response and
recovery for a facility. Among other things, an ERP typically contains:

n Emergency authorization to activate and conduct operations.

n An organized management system for response and recovery operations.

n A methodology for gathering and evaluating information on the
emergency.

] An organized system for providing information and coordinating

response to the local community and authorities.

u An organized system for the early procurement and allocation of
resources.

] A methodology for assessing damage and the operation of the facility.

[ ] Procedures and policies to address loss of communications.

An ERP does not supersede existing procedures such as those for handling medical

emergencies or hazardous materials release. It is meant to supplement those
procedures with a cohesive temporary management structure that provides
immediate management of response during the period following a major crisis.
The plan is activated whenever conditions exist that prevent normal operations
from being performed and immediate action is required to save lives, prevent
damage to property and restore operations.

Earthquakes. To address earthquakes properly an ERP, or an assessment
supporting an ERP, must consider realistic scenarios that may occur in a

moderate or a major event. Examples of earthquake specific concerns are:

] Transportation systems (e.g., roadways, railroads, etc.) may be unusable
or severely restricted.

m Buildings and structures may be damaged.

n Multiple systems may be lost during a single event.

58



Personnel response is unpredictable and may also be hindered by limited
access to equipment and controls.

Parts needed for repairs may not be readily available.

Experienced personnel required to perform emergency operations may
be unavailable.

Use of ERP for Mitigation. Part of this recommended practice allows the use of
ERP procedures to mitigate certain vulnerabilities. When assessing an ERP for
this function, the following should be considered:

Ensure that the plan procedures are appropriate to conditions present
following an earthquake as described above.

Ensure that all plausible earthquake scenarios have been considered.

Ensure that procedures are in place for operator action that is necessary
to mitigate a seismic vulnerability.

Ensure that personnel training has been considered and implemented for
all actions necessary to mitigate a seismic vulnerability.

Ensure that any emergency equipment or necessary controls will be
accessible after a seismic event if they are needed to mitigate a seismic
vulnerability.

Review of Existing ERP. The flow chart in Figure 6-1 describes the risk
management implementation process. The final step in that process is an
assessment of the facility ERP. It is recommended that a critical review of the
ERP, including considerations specific to earthquake hazards as outlined above,
be performed.
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Table 6-1:

Example Risk Classification and Acceptance Criteria

(Note: Numbers are shown for illustrative purposes only)

Very High

Mitigation via analysis, repair, replacement, or emergency plan
procedures to achieve a minimum risk rank of III is
recommended within 6 months. Recommended for components
and systems with scores below 2.5.

I

High

Mitigation via analysis, repair, replacement,, or emergency plan
procedures to achieve a minimum risk rank of IIl is
recommended within 12 months. Recommended for components
and systems with scores between 2.5 and 3.5.

oI

Moderate

Recommended mitigation includes ensuring that the emergency
plan includes procedures for responding to damage to the system
or component. Recommended for components and systems with
scores between 3.5 and 4.5.

v

Low

No mitigation recommended. Recommended for components
and systems with scores above 4.5.
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Figure 6-1:

Risk Management Implementation
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Appendix A

Checklists for Use in System Identification
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Table A-1
FIRE RESPONSE CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: FIRE RESPONSE
DEFINITION OF SYSTEM

SUB-SYSTEM: Detection And Alarm

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Detection
A.1 Area/Spot Smoke Detectors E R N
A.2 Line Smoke Detectors E R N
A.3 HVAC/Plenum Smoke Detectors E R N
A.4 Heat Detectors E R N
A.5 Sprinkler Flow Sensors E R N
A.6 Pull Stations E R N
A.7 Other(define) E R N
E R N
B. Alarms
B.1 Bell/Siren Alarms E R N
B.2 Speakers E R N
B.3 Strobe Lights E R N
B.4 Remote Alarm Monitors (specify) E R N
E R N
B.5 Other (define) E R N
E R N
C. Detection/Alarm Interface
C.1 Computer System E R N
C.2 Fire Communication Center E R N
C.3 Alarm Panel(s) E R N
C.4 Cabling/Conduit E R N
C.5 Other (define) E R N
E R N

D. General Items

D.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

D.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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SUB-SYSTEM: Fire Suppression

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Manual Suppression
~A.1 Hand Extinguishers E R N
A.2 Hose Stations E R N
A.3 Hose Station Water Supply E R N
(if different from Automatic System)
A.4 Other(define) E R. N
E R N
B. Automatic Suppression - Water
B.1 City Water Supply E R N
B.2 On-site Water Supply E R N
B.3 Motor-Driven Fire Pump(s) E R N
B.4 Diesel Driven Fire Pump(s) E R N
B.4.a Diesel Start System E R N
B.4.b Diesel Day Tank E R N
B.4.c Diesel Piping/Valves E R N
B.4.d Diesel Aux Fuel Supply E R N
B.5 Fire Water Feed Main E R N
B.6 Fire Water Cross Mains E R N
B.7 Fire Water Branch Lines E R N
B.8 Fire Water Risers E R N
B.9 Sprinkler Heads E R N
B.10 Deluge/Alarm Valves E R N
B.11 Other (define) E R N
E R N

C. Automatic Suppression - Gas
C.1 Gas Storage (Halon/Other)

C.2 Connection to Detectors

C.3 Other (define)

mmmm
VIV
2Z2zZ22Z2

D. General items

D.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

D.2 Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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SUB-SYSTEM: Air Duct Fire and Smoke Barriers

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Fire and Smoke Barriers
A.1 Fire and Smoke Dampers E R N
A.4 Other(define) E R N
E R N

B. General ltems
B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
if yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Smoke Purge

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Detection
A.1 Fire Conirol Center Panel E R N
A.2 Other(define) E R N
E R N
B. Pressurization
B.1 Fans E R N
B.2 Actuation E R N
B.3 Other (define) E R N
E R N
C. Purge Pathway
C.1 Break Window System E R N
C.2 Other (define) E R N
E R N

D. General Items

D.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

D.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-2
GAS SHUTOFF CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: GAS SHUTOFF
DEFINITION OF SYSTEM

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Manual Shutoff
A.1 Manual Shutoff Valve E R N
A.2 Other(define) E R N
E R N

B. Automatic Shutoff
B.1 Fire Control Center Panel

B.2 Automatic Valve

B.3 Loss of Normal Building Power

(if results in closure of valve)

B.4 Cabling/Conduit

B.5 Other (define)

mmm mmm
IO T1VII
Z222Z2 Z2Z2Z

C. General Iltems

C.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

C.2 Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-3
ELEVATOR SAFETY CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: ELEVATOR SAFETY
DEFINITION OF SYSTEM

SUB-SYSTEM: Detection/Control

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Detection
A.1 Derailment Detectors E R N
A.2 Ring and String Detectors E R N
A.3 Loss of Normal Power E R N
A.4 Other(define) E R N
E R N
B. Controls
B.1 Elevator Controllers E R N
B.2 Cables/Conduits E R N
B.3 Other (define) E R N
E R N

C. General Iltems

C.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

C.2 Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-4
BUILDING/EVACUATION EGRESS CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: BUILDING/EVACUATION EGRESS
DEFINITION OF SYSTEM

SUB-SYSTEM: Alarm/Indication

Criticality Redundant Support System
(circle one) Component Required

E-essential, : :

R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)

A. Alarm/indication
A.1 Annunciation

A.2 FCC Panel

A.3 Other(define)

mmmm
DIVIDI
2222

B. General ltems _
B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Available Routes

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Stairways '
A.1 Stairwell Emergency Lighting E R N
A.2 Other(define) E R N
E R N
B. Elevator Operability
B.1 Passenger Elevators E R N
B.2 Freight Elevators E R N
B.3 Other (define) E R N
E R N
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C. General Items

C1

c.2

Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-5
LIGHTING/POWER CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: LIGHTING/POWER
DEFINITION OF SYSTEM

'SUB-SYSTEM: Lighting/Tenant Power

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Lighting/Tenant Power
A.1 Normal Building Power E R N
A.2 Temporary Lighting E R N
A.3 Other(define) E R N
E R N

B. General Items

B.1 s operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Normal Building Power

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Normal Building Power
A.1 Off-site Power Supply E R N
A.2 Transformers E R N
A.3 Switchgear E R N
A.4 Motor Control Centers E R N
A.5 Distribution Panels E R N
A.6 Substations E R N
A.7 Power Conditioners E R N
A.8 Motor Generators E R N
A.9 Conduit E R N
A.10 Other(define) E R N
E R N
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B. Emergency Power

B.

1 Uninterruptible Power Supply

B.1.a UPS Inverters

B.1.b UPS Switchgear

B.1.c UPS Batteries

B.1.d UPS Rectifiers

B.1.e Other (define)

B.

2 Backup Generators (typ. Diesel)

B.2.a Generator

B.2.b Starter

B.2.c Control Equipment

B.2.d Fuel Tank

B.2.e Fuel Pump

B.2.f Day Tank

B.2.g Fuel Piping

B.2.h Auto Safety Fuel Valve

B.2.i Other (define)

B.3 Portable Generators
B.4 Other (define)

mmmmmmmmmmmmmmmmmmimimm
IPIIPIIIVIDIDIDIDIDDIIDDIDD
Z2Z2Z2Z2222222Z2Z2222Z2Z2ZZ2Z2Z

C. General ltems

C.1

cz2

Is operator intervention required for operation of any of the above equipment? (Y/N
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-6
WATER SUPPLY/WASTE REMOVAL CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: WATER SUPPLY/WASTE REMOVAL
DEFINITION OF SYSTEM

SUB-SYSTEM: Water Supply

Criticality Redundant Support System
(circle one) Component Required

E-essential,

R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)

A. Water Supply
A.1 Normal Water Supply

A.2 Backup Water Supply

A.3 Temporary Water Supply

A.4 Other(define)

mmmmm
DIVIVDIVDD
22222

B. Water Distribution
B.1 Domestic Water Pumps

B.2 Fresh Water Piping

B.3 Plumbing Fixtures (sinks, etc.)

B.4 Other(define)

mmmmm
VIDVIVITVI
Z2Z222ZZ

C. General Iltems

C.1 s operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

C.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Sewage Removal

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Sewage Removal

A.1 Waste Water Piping

A.2 Sewer Services

A.3 Other(define)

mmmm
DIJVIVD
2222
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B. General ltems

B.1

B.2

Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
if yes, explain: ,

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-7
STORM DRAINAGE CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: STORM DRAINAGE
DEFINITION OF SYSTEM

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
- N-non-essential number cooling water, etc.)
A. Storm Drains
A.1 Storm Drain Lines E R N
A.2 Other(define) E R N
E R N

B. General Items

B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
if yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-8

NORMAL PERSONNEL TRANSPORT CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: NORMAL PERSONNEL TRANSPORT

DEFINITION OF SYSTEM

SUB-SYSTEM: Elevators

A. Elevators
A.1 Passenger Elevators
A.2 Freight Elevators
A.3 Other (define)

B. General ltems

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item

List function (i.e., power,
N-non-essential number

cooling water, etc.)

mmmm
D IVIVD
2222

B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?

If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-9
BUILDING HVAC CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: BUILDING HVAC
DEFINITION OF SYSTEM

SUB-SYSTEM: Heating

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Heating Equipment
A.1 Gas Lines E R N
A.2 Boilers E R N
A.3 Heat Exchangers E R N
A.4 Other (define) E R N
E R N

B. General ltems
B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
. Ifyes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Ventilation

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Ventilation Equipment
A.1 Fans E R N
A.2 Ducting E R N
A.3 Control Dampers E R N
A.4 Other (define) E R N
E R N

B. General ltems

B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)
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B.2

Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Air Conditioning

Criticality Redundant Support System
(circle one) Component Required
E-essential, .
R-redundant, List redundant item List function (i.e., power,
: N-non-essential number cooling water, etc.)
A. Air Conditioning Equipment
A.1 Cooling Towers E R N
A.2 Chillers E R N
A.3 Chilled Water Distribution E R N
A.4 Special Air Conditioning Units E R N
A.5 Other (define) E R N
E R N

B. General Items

B.1

B.2

Is operator intervention required for operation of any of the above equibment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain: '

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: HVAC Control

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Pneumatic System
A.1 Air Compressors E R N
A.2 Air Receivers E R N
A.3 Header Piping E R N
A.4 Tubing E R N
A.5 Control Panel E R N
A.6 Other (define) E R N
E R N

B. General Items

B.1

B.2

Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-10
COMMUNICATIONS CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: COMMUNICATIONS
DEFINITION OF SYSTEM

SUB-SYSTEM: Telephone/Communications

Criticality Redundant Support System
(circle one) Component Required
E-essential, :
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Telephone Voice Communications
A.1 Telephone/Direct Lines E R N
A.2 PBX System E R N
A.3 Cellular Phones E R N
A.4 Other (define) E R N
E R N
B. Alternate Voice Communications
B.1 CB’s E R N
B.2 Ham Radios E R N
B.3 Walkie Talkies E R N
B.4 Other (define) E R N
E R N

C. General items

C.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

C.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

{Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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SUB-SYSTEM: Data Telecommunications

Criticality Redundant Support System
(circle one) Component Required

E-essential,

R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)

A. Telecommunications Equipment

A.1 Cable Entrance Facility
A.2 Cable/Cable Trays

A.3 Switching Equipment
A.4 Billing Tape Drive

A.5 Main Distribution Frame
A.6 Multiplexing Equipment
A.7 Demultiplexing Equipment
A.8 Equipment Monitors

A.9 Microwave System
A.9.a Antenna

A.9.b Antenna Tower

A.9.c Signal Equipment
A.10 Other (define)

DT

mmmmmmmmmmmimmm
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B. General Items

B.1

B.2

Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

81



Table A-11
DATA PROCESSING CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: DATA PROCESSING
DEFINITION OF SYSTEM

SUB-SYSTEM: Data Processing Equipment

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Data Processing Components
A.1 Mass Storage Facilities E R N
A.2 Storage Devices E R N
A.3 Communication Control Equip. E R N
A.4 Communications Cable E R N
A.5 Printers E R N
A.6 Document Handling Equipment E R N
A.7 Other (define) E R N
E R N

B. General ltems

B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is.not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain: '

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)

SUB-SYSTEM: Computer Equipment

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Computers
A.1 Mainframe Computers E R N
A.2 Other Computers E R N
A.3 Other (define) E R N
E R N
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B. General ltems

B.1

B.2

Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-12
REFRIGERATION CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: REFRIGERATION
DEFINITION OF SYSTEM

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Refrigeration
A.1 Critical Supplies E R N
A.2 Other(define) E R N
E R N

B. General Items
B.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

B.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures? -
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)



Table A-13
GAS SUPPLY CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: GAS SUPPLY
DEFINITION OF SYSTEM

Criticality "~ Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Normal Gas Supply
A.1 Gas Supply E R N
A.1.a Tank E R N
A.1.b Cooling Coils E R N
A.1.c Supply Line E R N
A.2 Gas Supply E R N
A.2.a Tank E R N
A.2.b Cooling Coils E R N
A.2.c Supply Line E R N
A.3 Gas Supply E R N
A.3.a Tank E R N
A.3.b Cooling Coils E R N
A.3.c Supply Line E R N
A.4 Other(define) E R N
E R N
B. Backup Gas Supply
B.1 Backup Gas Unit E R N
B.2 Other(define) E R N
E R N

C. General Items

C.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

C.2 Based on experience, has any of the identified equipment required an above average amount of
maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-14
STRUCTURAL CONCERNS CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM: STRUCTURAL CONCERNS
DEFINITION OF SYSTEM

Criticality Redundant Support System
(circle one) Component Required
E-essential,
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A. Raised Access Floor
A.1 Structural Integrity E R N
A.2 Other(define) E R N
E R N
B. Other
B.1 Other(define) E R N
E R N

C. General ltems

C.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

C.2 Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain: ’

(Note: if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Table A-15
CRITICAL SYSTEM COMPONENT IDENTIFICATION WORKSHEET

SYSTEM:

DEFINITION OF SYSTEM

SUB-SYSTEM:

Criticality Redundant Support System
(circle one) Component Required
E-essential, .
R-redundant, List redundant item List function (i.e., power,
N-non-essential number cooling water, etc.)
A.
A1 E R N
A2 E R N
A3 E R N
A4 E R N
A5 E R N
AB E R N
B.
B.1 E R N
B.2 E R N
B.3 E R N
B.4 E R N
B.5 E R N
B.6 E R N
C.
C.1 E R N
c2 E R N
C3 E R N
c4 E R N
C5 E R N
C.6 E R N

D. General ltems

D.1 Is operator intervention required for operation of any of the above equipment? (Y/N)
If yes, is the area expected to be accessible?

(Note: if the area is not accessible, equipment requiring manual operation should not be credited.)

D.2 Based on experience, has any of the identified equipment required an above average amount of

maintenance or been inoperable or degraded for a significant amount of time due to failures?
If yes, explain:

(Note:_ if the equipment is highly unreliable, it should not be credited except as a possible redundancy.)
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Appendix B

Detailed Component Worksheets
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Index of Components Included in Rapid Visual Screening Score Sheets
(Sorted Alphabetically by Score Sheet Identifier)

Component Score Sheet Classification

Ductwork DS-01 Distribution Systems

Piping (buried) DS-01 Distribution Systems

Piping (above ground) DS-02 Distribution Systems

Cable DS-03 Distribution Systems

Cable Tray DS-03 Distribution Systems

Conduit DS-03 Distribution Systems

Motor Control Center EL-01 Electrical Equipment

Switchgear EL-02 Electrical Equipment

Transformer EL-03 Electrical Equipment

Control Panel EL-04 Electrical Equipment

Distribution Panel EL-05 Electrical Equipment

Battery Rack EL-06 Electrical Equipment

Battery Charger EL-07 Electrical Equipment

Generator EL-08 Electrical Equipment

Alarm (fire pull station) FP-01 Fire Protection Equipment

Alarm (smoke, fire, heat) FP-01 Fire Protection Equipment

Detectors (smoke, fire, heat) FP-01 Fire Protection Equipment

Monitors (smoke, fire, heat) FP-01 Fire Protection Equipment

Sensors (smoke, fire, heat) FP-01 Fire Protection Equipment

Dampers (smoke, fire) FP-02 Fire Protection Equipment

Fire Extinguisher FP-02 Fire Protection Equipment

Fire hose station FP-02 Fire Protection Equipment

Valve (fuel shutoff) FP-02 Fire Protection Equipment

Piping (fire protection) FP-03 Fire Protection Equipment

Sprinkler Head FP-03 Fire Protection Equipment

Fan HV-01 HVAC Equipment

Air Handler HV-02 HVAC Equipment

Chiller HV-03 HVAC Equipment

Lighting (in suspended ceiling) | MB-01 Miscellaneous Building Components
Raised Access Floor MB-01 Miscellaneous Building Components
Suspended Ceiling MB-01 Miscellaneous Building Components
Elevator MB-02 Miscellaneous Building Components
Elevator (derailment detector) MB-02 Miscellaneous Building Components
Communications Control MC-01 Miscellaneous Computer Equipment
Equip.

Computer (mainframe) MC-01 Miscellaneous Computer Equipment
Computer (micro, pc) MC-01 Miscellaneous Computer Equipment
Computer (mini) MC-01 Miscellaneous Computer Equipment
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Index of Components Included in Rapid Visual Screening Score Sheets
(Sorted Alphabetically by Score Sheet Identifier) (Cont.)

Component Score Sheet Classification

Computer (peripherals) MC-01 Miscellaneous Computer Equipment
Document Handling Equipment | MC-02 Miscellaneous Computer Equipment
Media Rack MC-02 Miscellaneous Computer Equipment
Medical Equipment (lab) MD-01 Medical Equipment

Medical Equipment (unit) MD-01 Medical Equipment

Refrigerators (blood bank) MD-01 Medical Equipment

Generator (portable) ME-01 Miscellaneous Electrical Equipment
Power Transfer Equipment ME-01 Miscellaneous Electrical Equipment
Lighting (emergency stairway) | ME-02 Miscellaneous Electrical Equipment
Lighting (temporary) ME-02 Miscellaneous Electrical Equipment
Pump MN-01 Mechanical Equipment

Valve MN-02 Mechanical Equipment
Compressor MN-03 Mechanical Equipment

Cooling Tower MN-04 Mechanical Equipment

Boiler MN-05 Mechanical Equipment

Electrical Power (off-site) 05-01 Off-Site Systems

Natural Gas (off-site) 0S-01 Off-Site Systems

Water, domestic (off-site) 0S-01 Off-Site Systems

Water, fire (off-site) 0S-01 Off-Site Systems

Cable Entrance Facility TC-01 Telecommunications Equipment
Rack Mounted Components TC-01 Telecommunications Equipment
Communications (microwave) TC-02 Telecommunications Equipment
Communications (radio) TC-02 Telecommunications Equipment
Communications (telephone) TC-02 Telecommunications Equipment
Tank (on legs) TK-01 Tanks

Heat Exchanger TK-02 Tanks

Tank (horizontal) TK-02 Tanks

Tank (vertical, anchored) TK-03 Tanks

Drum TK-04 Tanks

Tank (vertical, unanchored) TK-05 Tanks
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Above Ground Piping

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers :
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 5.7 5.2 4.8 4.3 3.9
1. No lateral support - possible falling of pipe. 191 19 1.9 1.9 1.9

P | 2. Questionable vertical support system for pipe. 24| 24| 24| 24| 24

M | 3. Short stiff branches attached to long flexible headers. 15| 15| 15 15| 15

F | 4. Inadequate flexibility where piping crosses seismic gaps. 1.9 1.9 1.9 1.9 1.9
5. Piping may impact rigid structural elements. 1.2 1.2 1.2 1.2 12
6. Other

Final Score

= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.

Page 1 of 2
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DS-01

Performance Modification Factors (PMFs)

1 if the pipe has no lateral supports, such as U-bolts, and no lateral stops, and could slide off of the
support during an earthquake, select PMF 1. This is usually for relatively long straight runs.

2 Several support conditions represent a falling hazard for piping in an earthquake. Examples
include use of powder driven fasteners for anchorage of the supports, C-clamps that an loosen and
lose their friction connection, and brittle piping connections such as bell and spigot joints that can
detach due to shaking (they should be supported on each side of the connection). If these or other
situations exist that could lead to a pipe falling off its support during an earthquake, select PMF 2.

3 Rigid branch lines on flexible headers can attract significant load during a seismic event. This can
lead to a damage and leakage at the branch / header interface. If this condition exists for the run
of pipe, select PMF 3.

4 Pipe must have flexibility to accomodate differential motions at its anchor points. Differential
motion can be encountered where pipe spans a seismic gap, a building crossing, etc. If the pipe is
not able to withstand significant differential displacement of its supports, select PMF 4.

5 - Certain pipe materials are brittle and can be damaged by impact with rigid structural elements. [f
the pipe is made of fiberglass, fiber reinforced plastic, PVC, cast iron, or other brittle material and
could impact a rigid structural element, select PMF 5.

6 For other conditions that the reviewer believes could inhibit function following an earthquake, (e.g.,
a history of problems with this piping system, obvious external corrosion at flanges, etc.) assign a
PMF value relative to the existing PMFs in the table. Add a descriptive statement for the concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.

Page 2 of 2
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Buried Piping

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Ductile Iron Piping
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score

1a. Cast Iron Piping

P | 1b. PVC Piping

1c. Reinforced Concrete or Asbestos Cement Piping

1.2

1.2

1.2

1.2

1.2

F | 2. Poor Soil / Differential Settlement

1.2

1.3

1.3

1.4

14

3. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an

item, note it and select the appropriate PMF.

95

Page 1 of 2



Performance Modification Factors (PMFs)

1 All PMFs for this category are related to the material of construction. If the pipe is constructed of
cast iron, PVC, FRP, or Asbestos Cement, select the appropriate PMF.

2 If conditions exist where differential soil settiement could occur (e.g., liquefiable soils) select this
PMF.

3 For other conditions that the reviewer believes could inhibit function following an earthquake, (e.g.,

a history of problems with this piping system) assign a PMF value relative to the existing PMFs in
the table. Add a descriptive statement for the concern. '

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.

Page 2 of 2
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Distribution Systems

Earthquake Load Level (circle one letter)

ID Number

Comments

Ductwork

(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

= Basic Score - largest applicable PMF

Basic Score 39| 35

P | 1. Ducts can slide off supports and fall. 1.7 1.7 1.7 1.7 1.7

M | 2. Inadequate flexibility where ducting crosses seismic gaps, 2.0 2.0 2.0 20 2.0

between buildings, between equipment, etc.

F | 3. Obvious heavy corrosion on duct. 20| 20} 20| 20| 20
4. Duct supported by suspended ceiling. 24 24 2.4 24 2.3
5. Other

Final Score

Conduit, cable trays, and cable
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

=eetrp 8 \ . «,
Basic Score 8.0 8.0 8.0 8.0 8.0
P | 1. Cable trays can slide off supports and fall. 32 | 38 | 41 | 47 | 50
M| 2. Very heavily loaded cable trays. 2.8 3.4 3.7 4.3 4.6
F | 3. Other

Final Score

= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is ény question about an

item, note it and select the appropriate PMF.
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Performance Modification Factors (PMFs) - Ducts

If the duct has no lateral supports, (typically clips), and is on a cantilevered support (nothing will
stop it from sliding off) select PMF 1. This is primarily an issue when the duct can realistically fall,
such as when it is cantilevered at one end, such as a supply or return duct.

Ducting must have flexibility to accomodate differential motions at its anchor points. Differential
motion can be encountered where a duct spans a seismic gap, a building crossing, etc. Also,
ducts with flexible joints and bellows, such as near rod-hung fans, should be supported on each
side of the duct. If the duct is not able to withstand significant differential displacement of its
supports, select PMF 2.

If the duct is heavily corroded, such that the reviewer questions its structural integrity, select PMF
3.

If the duct runs within a suspended ceiling and is not supported independently, select PMF 4.

For other conditions that the reviewer believes could inhibit function following an earthquake, (e.g.,
history of problems with the duct) assign a PMF value relative to the existing PMFs in the table.
Add a descriptive statement for the concern.

Performance Modification Factors (PMFs) - Cable Trays and Others

If the cable tray or conduit has no lateral supports, such as U-bolts for a conduit or clips for a cable
tray, and no lateral stops, and could slide off of the support during an earthquake, select PMF 1.
This is usually for relatively long straight runs.

If the cable tray is so heavily loaded that it leads to questions regarding the structural capacity of
the support system, select PMF 2. This would usually require cables to be loaded several inches
above the side of the tray.

For other conditions that the reviewer believes could inhibit function follbwing an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.

Page 2 of 2

98




Motdr Control Centers

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Motor Control Centers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

D
Basic Score
1. No anchorage 1.5 1.5 15 15 1.5
P | 2. “Poor” anchorage 1.3 13 1.3 1.3 1.3
3. Suspect load path 0.7 0.7 0.7 0.7 0.7
F | 4. Pounding or impact concerns 0.9 0.9 0.9 0.9 0.9
5. Interaction concerns 0.9 0.9 0.9 0.9 0.9
6. Other |
Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.

Page 1 of 2
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1,2

Performance Modification Factors (PMFs)

As shown in the photo below, the anchorage of the MCC base to the floor or pad is sometimes
difficult to see since it is typically behind the outer face of the unit. If you have reason to believe
that there is no anchorage, select PMF 1. If the anchorage appears small compared to the size of
the unit or appears to be damaged, select PMF 2. Top or side bracing to a wall, or rigid restraints
from multiple conduits may effectively act as anchorage.

There should be a definite and continuous load path from the internal components of the MCC to
the anchorage at the base. The photo below shows a definite weakness in the load path. Another
example is large, unreinforced cut-outs in the sheet metal enclosure which could weaken its
structural integrity. If these conditions exist, select PMF 3.

If adjacent cabinets are not attached and are within about 1/2” of each other, there is a potential for
pounding between the two. If so, select PMF 4

If large items, such as non-structural walls, could fall and impact the MCC, PMF 5 should be
selected.

For other conditions that the reviewer believes could inhibit MCC function following an earthquake,

(e.g., a history of problems with this piece of equipment) assign a PMF value relative to the existing
PMFs in the table. Add a descriptive statement for the concern.
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EL-02

Switchgear

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Switchgear
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

pHe
Basic Score
1. No anchorage 1.0 1.0 1.0 1.0 1.0
P | 2. “Poor” anchorage 0.8 0.8 0.8 0.8 0.8
3. Suspect load path 0.6 0.6 0.6 06 06
F | 4. Pounding or impact concerns 0.5 0.5 0.5 0.5 0.5
5. Interaction concerns 0.6 0.6 06 0.6 0.6
6. Other
Final Score
= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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1,2

Performance Modification Factors (PMFs)

As shown in the photo to the right, switchgear anchorage is
sometimes difficult to see since it is typically behind the outer
face of the unit. If you have reason to believe that there is no
anchorage, select PMF 1. If the anchorage appears small
compared to the size of the unit or the anchorage appears to
be damaged, select PMF 2.

There should be a definite and continuous load path from the
internal components of the switchgear to the anchorage at the
base. Large, unreinforced cut-outs in the sheet metal
enclosure which could weaken its structural integrity are an
example of a load path concern. If there are concerns
regarding the integrity of the load path, select PMF 3.

If adjacent cabinets are not attached and are within about 1/2”
of each other (as shown below), there is a potential for
pounding between the two. If so, select PMF 4.

If large items, such as non-structural walls, could fall and
impact the switchgear, PMF 5 should be selected.

For other conditions that the reviewer believes could inhibit
switchgear function following an earthquake (e.g., a history of
problems with this piece of equipment), assign a PMF value
relative to the existing PMFs in the table. Add a descriptive
statement for the concern.
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EL-03

Transformers

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Transformers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Descrip & b E

Basic Score 3.8 3.4
1. No anchorage 1.7 1.7 1.7 1.7 1.7

P | 2. “Poor’ anchorage 14 14 14 1.4 14

M| 3. Pounding/impact concerns 0.6 0.6 0.6 0.6 0.6

F | 4. Poor load path 0.9 0.9 0.9 0.9 0.9

F | 5. Interaction concerns 1.0 1.0 1.0 1.0 1.0
6. Coils not firmly restrained 12 12 12 12 12
7. Other

Final Score

= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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isua Scree mgScore Sheet '

Performance Modification Factors (PMFs)

Select PMF 1 if there is no anchorage as shown in the photo below. [f the anchorage appears small
compared to the size of the transformer, or is damaged, select PMF 2.

If adjacent cabinets are not attached and are within about 1/2" of each other (see photo), there is a
potential for pounding between the two. If so, select PMF 3.

The typical channel supports for transformers shown in the photo below have some weakness from
side-to-side loading. If thin gage sheet metal is used at the base, select PMF 4.

If large items, such as non-structural walls, could fall and impact the transformer, PMF & should be
selected.

Internal coils are sometimes only temporarily anchored for transportation, and these bolts may be
removed. If the coils are unrestrained, or are flexible and unbraced and of such a size that the coils
could displace and short out, this PMF should be selected.

For other conditions not mentioned above, that the reviewer believes could inhibit transformer function
following an earthquake (e.g., a history of problems with this piece of equipment), assign a PMF value
relative to the existing PMFs in the table. Add a descriptive statement for the concern.
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ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Control and Instrumentation Panels
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

0| B
Basic Score 5.8 53] 4.9 24| a0
1. No anchorage 22 22 22 22 22
2. “Poor” anchorage 2.0 2.0 2.0 2.0 2.0
P | 3. Suspect load path 22 22 22 2.2 22
4. Pounding or impact concerns 1.2 1.2 1.2 1.2 1.2
F | 5. Inflexible attachments 22 22 22 22 2.2
6. Interaction concerns 2.5 2.5 25 25 25
7. Other
Final Score
= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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1,2

Performance Modification Factors (PMFs)

As shown in the photo below, control panel anchorage is sometimes difficult to see since it is typically
behind the outer face of the unit. If you have reason to believe that there is no anchorage, select PMF

1. If the anchorage appears small compared to the size of the unit or the anchorage appears to be
damaged, select PMF 2.

There should be a definite and continuous load path from the internal components of the panel to the
anchorage at the base. Cut-outs in the sheet metal enclosure which could weaken its structural

integrity are an example of a load path concern. If there are concerns regarding the integrity of the
load path, select PMF 3.

If adjacent cabinets are not attached and are within about 1/2” of each other (as shown below), there is
a potential for pounding between the two. This is an issue for control cabinets, as they tend to contain
shaking or impact sensitive devices, such as relays. If so, select PMF 4.

If large items, such as non-structural walls, could fall and impact the panel, PMF 5 should be selected.

For other conditions that the reviewer believes could inhibit panel function following an earthquake
(e.g., a history of problems with this piece of equipment), assign a PMF value relative to the existing
PMFs in the table. Add a descriptive statement for the concern.
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Distribution Panels

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Distribution Panels
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 6.2 57 53 438 44
1. No anchorage 24 2.4 24 2.4 24

P | 2. “Poor” anchorage 22 2.2 2.2 2.2 22

M | 3. Pounding or impact concerns 1.5 1.5 1.5 1.5 1.5

F | 4. Interaction concerns 1.5 1.5 1.5 1.5 15
5. Other

Final Score

= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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1,2

Performance Modification Factors (PMFs)
Select PMF 1 if there is no anchorage. If the anchorage appears small compared to the size of the
panel, or is damaged, select PMF 2.

If adjacent cabinets are not attached and are within 1/2” of each other, there is a potential for pounding
between the two. If so, select PMF 3.

If large items, such as non-structural walls, could fall and impact the panel, PMF 4 should be selected.

For other conditions that the reviewer believes could inhibit distribution panel function following an
earthquake (e.g., a history of problems with this piece of equipment), assign a PMF value relative to
the existing PMFs in the table. Add a descriptive statement for the concern.
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ID Number

Comments

Scores and Modifiers - Batteries and Racks
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

5.
1. No anchorage 22 2.2 22 22 22
2. “Poor” anchorage 2.0 2.0 2.0 2.0 2.0
P 1 3. No battery spacers 22 2.2 2.2 2.2 22
4. No longitudinal cross-bracing 2.0 20 2.0 2.0 2.0
F | 5. No battery restraints 24 24 24 2.4 2.4
6. Interaction concerns 2.4 24 24 2.4 2.4
7. Other
Final Score
= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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Performance Modification Factors (PMFs)

If there are no anchor bolts at the base of the frame, select PMF 1. If the anchors appear to be
undersized, if there are not anchors for every frame of the rack, or if the anchorage appears to be
damaged select PMF 2.

Look for stiff spacers, such as Styrofoam, between the batteries that fit snugly to prevent battery
pounding. If there are none, select PMF 3.

The rack should provide restraints to assure that the batteries will not fall off. The top photo shows a
rack with no restraints, while the photo to the left shows a rack with restraints. Select PMF 4 if
adequate restraint is not provided.

Racks with long rows of batteries need to be sufficiently stiff or braced longitudinally as shown in the
photo to the left. Select PMF 5 if no cross-bracing is present.

If large items such as non-structural walls could fall and impact the battery racks, select PMF 6.

For other conditions that the reviewer believes could inhibit battery function following an earthquake
(e.g., a history of problems with this piece of equipment), assign a PMF value relative to the existing
PMFs in the table. Add a descriptive statement for the concern.
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Battery Chargers
ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Battery Chargers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

,, i E
Basic Score 5.6 51 4.7 42 | 38
1. No anchorage 1.8 18 18 18 18
2. “Poor” anchorage 1.6 1.6 1.6 16 1.6
P | 3. Load path concerns 0.8 0.8 0.8 0.8 0.8
4. Pounding or impact concerns 0.8 0.8 08 0.8 0.8
F | 5. Interaction concerns 1.4 1.4 1.4 1.4 1.4
6. Other
Final Score
= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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Performance Modification Factors (PMFs)

Select PMF 1 if there is no anchorage. If the anchorage appears small compared to the size of the
charger, or is damaged, select PMF 2.

If the unit is mounted on thin gage sheet metal channels, or other sections which are weak in the lateral
direction, select PMF 3.

Where there is no definite load path to the anchorage or it appears to be weak (as in the lower left
hand photo), select PMF 4.

If large items, such as non-structural walls, could fall and impact the charger, PMF 5 should be
selected. . ’

For other conditions that the reviewer believes could inhibit charger function following an earthquake
(e.g., a history of problems with this piece of equipment), assign a PMF value relative to the existing
PMFs in the table. Add a descriptive statement for the concern.
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ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Generators
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 5.6 5.1 4.7 4.2 3.8
1. No anchorage 16 1.6 1.6 1.6 1.6
2. “Poor” anchorage 14 14 14 14 14

P | 3. Vibration isolator concerns 14 1.4 1.4 1.4 1.4
4. Rigid attachment concerns 2.0 20 2.0 2.0 2.0

F | 5. Driver/generator diff. displacement 2.0 2.0 2.0 20 2.0
6. Interaction concerns 1.4 14 14 1.4 1.4
7. Other

Final Score

= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an

item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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Performance Modification Factors (PMFs)

Select PMF 1 if there is no anchorage. If the anchorage appears small compared to the size of the
generator, or is damaged, select PMF 2.

Where vibration isolators are used there should be lateral and uplift restraints. If no restraints exist, or
they appear to be inadequate, select PMF 3.

If attached conduits do not have adequate flexibility to accommodate potential generator motions,
select PMF 4.

As shown below, the driver and motor should be mounted to the same skid, if they aren't, select PMF
5.

If large items, such as non-structural walls, could fall and impact the generator, PMF 6 should be
selected.

For other conditions that the reviewer believes could inhibit generator function following an earthquake
(e.g., a history of problems with this piece of equipment), assign a PMF value relative to the existing
PMFs in the table. Add a descriptive statement for the concern.
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FP-01

_ Fire Protection Equipment

Earthquake Load Level (circle one letter)
ID Number

Comments

———

ation in Building

m | Middle |

Fire Alarm Pull Station
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Description

Basic Score 6 6 6 6

P | 1. The pull stations are not marked, or access is blocked. 5 5 5 5
M| 2. Other
F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Detectors, monitors, alarms and sensors
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Description

Basic Score

P | 1. There is no regular inspection of the devices to insure 4 4 4 4 4
proper function.

M| 2. The devices are not properly mounted and could fall in an 1.5 2.0 24 29 3.3
earthquake.

F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Performance Modification Factors (PMFs) - Pull Stations

If access is blocked, personnel don't know locations of pull boxes, or other reasons raise doubts
about the ability to use pull boxes, select PMF 1.

For other conditions that the reviewer believes could inhibit function following an earthquake, (e.g.,
history of problems with the duct) assign a PMF value relative to the existing PMFs in the table.
Add a descriptive statement for the concern.

Performance Modification Factors (PMFs) - Detectors, Sensors, and Others

If there is any question regarding maintenance of the sensors, monitors, etc., select PMF 1.

If the unit is not supported (alarms with no anchors) or if there are any reasons to question the
structural capacity of the support system, select PMF 2.

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Rapid Visual Screening Score Sheet FP-02

s

Fire Protection Equipment

Earthquake Load Level (circle one letter)

ID Number

Comments

C
D
E

(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Hand-held fire extinguishers and Fire hose
stations

e G
Dé@bnpﬁon

i

Basic Score 6 6
P | 1. There is no regular inspection or maintenance of the units to 4

assure reliable function.
M| 2. Units are not accessible. 2.2 2.8 3.1 3.7 4.0

F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Fuel Shutoff Valve

(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

[%yé&éwc I‘ip ﬁam%w, mw«z&w o e fbﬁ;&‘w& . st = c - rmb ? r wén ;
Basic Score 7.2 | 66 | 63 | 57 | 54
P | 1. There is no regular inspection of the valve to ensure proper 2 2 2 2 2
function.

M| 2. If manually controlled, unit is not accessible, or personnel 5 5 5 5 5
are not trained in its use.

F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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FP-02

Fire Protection Equipment (continued)

Duct fire/smoke dampers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

D E
6 6
P | 1. There is no regular inspection of the devices to insure 3 3
proper function.
M| 2. Other
F | 3. Other
Final Score
= Basic Score - largest applicable PMF
Performance Modification Factors (PMFs) - All Items on Scoresheet FP-02
If there is any question regarding maintenance of the items, select PMF 1.
2 If there is any reason to question the ability of personnel to access the item (location not known,
located in difficult to reach spot, personnel not trained to use, etc.), select PMF 2.
3 For other conditions that the reviewer believes could inhibit function following an earthquake,
assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the

concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Fire Protection Piping (Includes Sprinkler Heads)

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers

(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Description o

Basic Score i
1. No lateral support - possible falling of pipe. 0.8 0.8 0.8 0.8 0.8

P | 2. Questionable vertical support system for pipe. LT N P B PV A8 E Y B B
3. Short stiff branches attached to long flexible headers. 08| 08| 08| 08) 08

F | 4. Inadequate flexibility where piping crosses seismic gaps. 09 08} 09} 098] 08
5. Sprinkler heads could be damaged on impact. 2.1 2.1 21 20 20
6. Sprinkler heads are part of unbraced suspended ceiling. 24| 241 23| 23| 23
7. Other

Final Score

= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an

item, note it and select the appropriate PMF.
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Performance Modification Factors (PMFs)

If the pipe has no lateral supports, such as U-bolts, and no lateral stops, and could slide off of the
support during an earthquake, select PMF 1. This is usually for relatively long straight runs.

Several support conditions represent a falling hazard for piping in an earthquake. Examples
include use of shotpins for anchorage of the supports, C-clamps that an loosen and lose their
friction connection, and brittle piping connections such as bell and spigot joints that can detach due
to shaking (they should be supported on each side of the connection). If these or other situations
exist that could lead to a pipe falling off its support during an earthquake, select PMF 2.

Rigid branch lines on flexible headers can attract significant load during a seismic event. This can

lead to a damage and leakage at the branch / header interface. If this condition exists for the run
of pipe, select PMF 3.

Pipe must have flexibility to accomodate differential motions at its anchor points. Differential
motion can be encountered where pipe spans a seismic gap, a building crossing, etc. If the pipe is
not able to withstand significant differential displacement of its supports, select PMF 4.

If sprinkler heads are close to large structural elements that could damage them upon impact,
select PMF 5.

If sprinkler heads are part of a suspended ceiling that is not braced to resist lateral motions, select
PMF 6.

For other conditions that the reviewer believes could inhibit function following an earthquake, (e.g.,
a history of problems with this piping system) assign a PMF value relative to the existing PMFs in
the table. Add a descriptive statement for the concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Fans
ID Number
Comments
Earthquake Load Level (circle one letter)
~ Location m Buiﬁng’\'«%%
i | Bottom | Middle | Top
NEHRP : UBC | Third Third | Third
1-3 1 A A A
4-5 2 A B Cc
3 B Cc D
7 4 C D E

Scores and Modifiers - Fans

HV-01

(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

= Basic Score - highest applicable PMF

Basic Score 5.0 44 4.1 3.5 3.2
1. No anchorage 14 14 14 1.4 1.4

P | 2. “Poor” anchorage 1.1 1.1 1.1 1.1 1.1
3. Vibration isolator concerns 1.7 1.7 1.7 1.7 1.6

F | 4. Fan/motor diff. displacement 0.9 0.9 0.9 0.9 0.9
5. Duct support concerns 0.8 0.8 0.8 0.8 0.8
6. Rigid attachment concerns 1.1 1.1 1.1 1.1 1.1
7. Interaction concerns 1.4 1.4 1.4 1.4 14
8. Other

Final Score

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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1,2

Rapnd \?iéqal Screening Score Sheet | HV-01

R——

Performance Modification Factors (PMFs)

Often, as shown below, the fan, the motor or both are anchored to a skid which is in turn anchored to a
pad or slab. [f there is no anchorage for the fan or motor, select PMF 1. If the anchorage is damaged
or appears small compared to the size of the unit, select PMF 2.

The vibration isolators shown below have restraints to allow vibration, but restrict lateral motion and

uplift. If the fan has vibration isolators but has no restraints, or the restraints appear to be inadequate,
select PMF 3.

Differential displacement of the motor and the fan can cause damage to the fan. This can be caused
by anchoring the two items to different pads or skids. This is especially. a problem with long drive
shafts. If there is a potential for differential displacement, select PMF 4.

Attached ducting must be properly supported to prevent loads from being transferred to the fans. If the
duct has a bellows connection, it should be adequately supported on both sides of the flexible
connection. If there is a question about the adequacy of the duct supports, select PMF 5.

The photo below shows an in-line fan with flexible connections to the duct. If ducts or other elements
are rigidly attached to a fan (not including small conduit), select PMF 6.

If large items, such as non-structural walls, could fall and impair the function of the fan, select PMF 7.

For other conditions that the reviewer believes could inhibit fan function following an earthquake (e.g.,

a history of problems with this piece of equipment), assign a PMF value relative to the existing PMFs in
the table. Add a descriptive statement for the concern.
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Rapid Visual Screening Score Sheet | HV-02

Air Handlers

ID Number

Comments

Earthquake Load Level (circle one letter)

on in Building |

Middle 1§ \Top.
NEHRP : UBC | Third | Third
| 13 1 A A
4-5 2 B Cc
6 3 Cc D
7 4 D E

Scores and Modifiers - Air Handlers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

A B | ‘¢ D E .
Basié éiore ) sz 47 — a3 3.8 34
1. No anchorage 1.7 17 1.7 1.7 17
2. “Poor” anchorage 14 1.4 1.4 1.4 1.4
P | 3. Vibration isolator concerns 14 1.4 1.4 1.4 1.4
4. Duct support concerns 0.7 0.7 0.7 0.7 0.7
F | 5. Rigid attachment concerns 2.0 20 2.0 2.0 1.9
6. Interaction concerns 12 1.2 1.2 1.2 1.2
7. Other
Final Score
= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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id Visual Screening Score Sheet HV-02

1,2

Performance Modification Factors (PMFs)

If there is no anchorage for the unit, select PMF 1. If the anchorage is damaged or appears small
compared to the size of the unit, select PMF 2.

The vibration isolators shown below have no restraints to restrict lateral motion or uplift. If the air

handler has vibration isolators but has no restraints, or the restraints appear to be inadequate, select
PMF 3.

Attached ducting must be properly supported to prevent loads from being transferred to the unit. Ducts
with flexible bellows connections must be supported on each side of the bellows. If there is a question
about the adequacy of the duct supports, select PMF 4.

The photo below shows a rigidly attached pipe which has damaged the wall due to the unit's
movement. If rigid attachments such as this exist, select PMF 5.

- If large, nearby items could fall and impact the air handling unit, or other impact concerns exist, select

PMF 6.

For other conditions that the reviewer believes could inhibit air handler function following an earthquake

(e.g., a history of problems with this piece of equipment), assign a PMF value relative to the existing
PMFs in the table. Add a descriptive statement for the concern.
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omsmosomon
i

HV-03

Chillers

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Chillers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

c D E
a5 38| 36
1. No anchorage 1.2 1.2 1.2 1.2 1.2
P | 2. “Poor” anchorage 0.9 0.9 0.9 0.9 0.9
M| 3. Vibration isolator concerns 18 1.8 1.8 1.8 1.8
F | 4. Piping support concerns 1.0 1.0 1.0 1.0 1.0
5. Interaction concerns 0.7 0.7 0.7 0.7 0.7
6. Other
Final Score
= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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1,2

. Rapid Visual Screening Score Sheet l HV-03

SRERECR

Performance Modification Factors (PMFs)

Select PMF 1 if there is no anchorage. If the anchorage appears small compared to the size of the
chiller, or is damaged, select PMF 2.

The vibration isolators shown below have restraints to allow vibration, but restrict lateral motion and

uplift. If the fan has vibration isolators but has no restraints, or the restraints appear to be inadequate,
select PMF 3.

If the unit is mounted on channel or other sections which are weak in the lateral direction, select PMF
4.

Attached piping should be well supported to prevent excessive load transfer to the chiller. If long,
unsupported runs of piping terminate at the chiller, select PMF 5.

If large items, such as non-structural walls, could fall and impact the chiller, PMF 6 should be selected.

For other conditions that the reviewer believes could inhibit chiller function following an earthquake
(e.g., a history of problems with this piece of equipment), assign a PMF value relative to the existing
PMFs in the table. Add a descriptive statement for the concern.
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MB-01

Miscellaneous Building Components

Earthquake Load Level (circle one letter)
ID Number

Comments

Raised Access Floors
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score

P | 1. There is no bracing, or other means, present to prevent 2.0 2.5 3.0 3.5 4.5
excessive lateral motions.

M| 2. Other
F ] 3. Other

Final Score
= Basic Score - largest applicable PMF

Suspended Ceilings (and associated lighting)
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 6.0 | 60| 6.0 | 6.0 | 6.0

P | 1. Where fallen ceiling tiles and frames could damage 2.0 25 3.0 3.5 4.5
equipment, endanger workers or limit egress, there are no
diagonal sway braces.

M| 2. Light fixtures are not securely, independently anchored. 2.0 25 3.0 3.5 45
F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Miscellaneous Building Components

Earthquake Load Level

(circle one letter) ID Number
Comments
BC | Level |
A
B
C
D

Elevators and Elevator Derailment Detectors

(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level)

e S

Basic Score

P|1.

Cabs and counterweights are equipped with devices to 5 S S 5 5
detect detachment from rails.

M] 2.

Sheaves have guards to prevent slipping off of cablesinan | 1.8 | 23 | 27 | 32 | 36
earthquake.

Fl3.

Qualified personnel are not available to inspect elevators S S 5 S| 5
and allow restart in an earthquake.

4.

Other

Final Score
= Basic Score - largest applicable PMF

Performance Modification Factors (PMFs) - Elevator Systems

Detection devices are required in some states to automatically shut down an elevator if the motion
of the cables is significant in an earthquake. If you do not have such a system, select PMF 1.

Movement of cables in an earthquake has caused them to “bounce” off of sheaves. If you do not
have guards to prevent this from occurring, selecting PMF 2.

If the system shuts down, even with no damage, an inspection should be performed before the
elevator can be used again. There may be significant delays in service and interruption in
business in the event of a major earthquake. Select PMF3 if this is considered to be a likely
problem.

For any ther conditions that the reviewer believes could inhibit function or restart following an
earthquake, assign a PMF value relative to the existing PMFs in the table. Add a descriptive
statement for the concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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MC-01

Miscellaneous Computer Equipment

Earthquake Load Level (circle one letter)

ocat:on in Buildin ing
o tom | Middle i Top
JBC | Third | Third | Third
1 A A A
2 A B c
3 B c D
4 c D E

ID Number

Comments

Mainframes and Communications Control Equipment

(cwcle a Basic Score and all PMFs that apply use the column indicated by the Earthquake Load Level above)

Descnptuon .

Basic Score

P | 1. There is nothing to prevent overturning of the unit (unlessit | 24 | 3.0 | 33 | 39 | 42
is of such size and weight that overturning is unlikely).

M | 2. There is a significant interaction hazard from something 22 | 27 | 31 | 36 | 40
falling onto this equipment.

F | 3. Other

Final Score

= Basic Score - largest applicable PMF

Mini/microcomputers and peripherals (tape drive, disc drives, printers, monitors, etc.)
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

—
o

scriptiol
escription

Basic Score

P | 1. The units are not attached to tables or desks to prevent

them from sliding and falling.

2. The tables or desks are unstable and likely to collapse.

1.2 1.8 2.1 2.7 3.0

F | 3. The units are resting on the floor in such a way that
overturning is likely.

22 2.7 3.1 36 4.0

4. There is a significant interaction hazard from something
falling onto this equipment.

1.8 2.3 2.7 3.2 3.6

5. Other

Final Score

= Basic Score - largest applicable PMF

Performance Modification Factors (PMFs) - Mainframes and Communications Control Equipment

Note that this is a screening process and is inherently conservative. If there is any question about an

item, note it and select the appropriate PMF.
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If the unit is unrestrained and unanchored and is tall and slender (such that it is likely to tip rather
than slide), select PMF 1.

If there are nearby hazards than can fall onto the equipment and cause damage (heavy light
fixtures, bookcases, etc.) select PMF 2.

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Performance Modification Factors (PMFs) - Mini/microcomputers and peripherals

If the units are not tied down and could slide off the table or desk onto the floor, select PMF 1.
If the table or desk appears questionable, select PMF 2.

If the units are on the floor and are positioned such that they can tip over, select PMF 3.

If there are nearby hazards than can fall onto the equipment and cause damage (heavy light

fixtures, bookcases, etc.) select PMF 4.

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Miscellaneous Computer Equipment

Earthquake Load Level (circle one letter)
ID Number

Comments

Media Racks
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Description

Basic Score

P | 1. There is nothing to prevent overturning of the unit (unlessit | 18 | 23 | 27 | 32 | 3.6
is of such size and weight that overturning is unlikely).

M| 2. The media are not secured within the rack to prevent items 2.7 3.2 36 4.1 4.5
from falling.

F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Document Handling Equipment
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Descriptiot

Basic Score

P | 1. There is nothing to prevent overturning of the unit (unlessit | 1.8 | 23 | 27 | 32 | 36
is of such size and weight that overturning is unlikely).

M| 2. Other
F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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2,3

Performance Modification Factors (PMFs) - Media Racks

If the unit is unrestrained and unanchored and is tall and slender (such that it is likely to tip rather
than slide), select PMF 1.

If the media are not secured within the rack to prevent items from falling and being damaged,
select PMF 2.

For other conditions that the reviewer believes could inhibit function following an earthquake,
assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern. '

Performance Modification Factofs (PMFs) - Document Handling Equipment

If the unit is unrestrained and unanchored and is tall and slender (such that it is likely to tip rather
than slide), select PMF 1.

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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MD-01

Medical Equipment

Earthquake Load Level (circle one letter)

ID Number
Comments
op
A
C
D
E

Medical Lab and Medical Unit Equipment
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score

P | 1. Medical lab items are not secured to counters and tables. 22 2.7 3.1 36 | 40

M | 2. Medical lab items are stored on counters, tables, or carts 18 | 23 | 27 | 32 | 36
that are likely to collapse.

F | 3. Other_

Final Score
= Basic Score - largest applicable PMF

_ Blood Bank Refrigerators
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

G
| Description

Basic Score

P | 1. There is nothing to prevent overturning of the unit (unlessit | 1.8 | 23 | 27 | 32 | 36
is of such size and weight that overturning is unlikely).

M| 2. Other
F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Performance Modification Factors (PMFs) - Medical Lab and Medical Unit Equipment

If items are unrestrained and can slide and fall in an earthquake, select PMF 1.

If the table or other items holding the equipment does not appear to be strong enough to resist
lateral loads from an earthquake without collapsing, select PMF 2.

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Performance Modification Factors (PMFs) - Blood Bank Refrigerators

If the unit is unrestrained and unanchored and is tall and slender (such that it is likely to tip rather
than slide), select PMF 1.

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Miscellaneous Electrical Equipment

Earthquake Load Level (circle one letter)

ID Number

Comments

Power Transfer Equipment
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level)

Basic Score

P | 1. There are no restraints or anchorage to prevent the unit 24| 24| 24| 24| 24
from overturning.

M| 2. Other
F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Portable Generators
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level)

Basic Score

1. There is no regular inspection or maintenance to assure 15 | 20 | 24 | 29 | 33
reliable function of the generators.

P | 2. There are not personnel on hand who know how to operate S 5 5 5 5
the generators.

3. There is not a reliable fuel supply on hand for the generator. S 5 S S 5

F | 4. The generator is stored in an area that will be difficult to S 5 5 5 5
access during an emergency situation.

5. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Performance Modification Factors (PMFs) - Power Transfer Equipment

If the unit is unrestrained and unanchored and is tall and slender (such that it is likely to tip rather
than slide), select PMF 1. '

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Performance Modification Factors (PMFs) - Portable Generators

If the unit is not routinely started up, inspected, and maintained on a regular schedule, select PMF
1.

If the unit requires special expertise to operate and that expertise is often or typically not available
at the site, select PMF 2.

If there is not a reliable fuel supply on hand for the generator, select PMF 3. This includes
situations where power may be required to get fuel to the generator (e.g. fuel transfer pumps, etc.)

If the generator is stored in an area that will be difficult to access during an emergency situation.,
select PMF 4.

For other conditions that the reviewer believes could inhibit function following an earthquake,

assign a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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ME-02

Miscellaneous Electrical Equipment

Earthquake Load Level (circle one letter)
- 1D Number

Comments

Stairway Emergency Lighting
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

.

Basic Score

P | 1. There is no regular inspection or maintenance of the lighting | 15 | 20 | 24 | 29 | 33
units to assure reliable function.

M | 2. The units are not securely mounted to a wall or frame and 27 | 32 | 36 | 41 | 45
could fall in an earthquake.

F | 3. Other

Final Score _
= Basic Score - largest applicable PMF

Temporary Lights (e.g., flashlights, lanterns, etc.)
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 6

P | 1. There is no regular inspection or maintenance of the lighting | 1.5 | 20 | 24 | 29 | 33
units to assure reliable function.

M | 2. The lights are not stored in a readily accessible area known S 5 S 5 S
to the personnel who need them.

F | 3. Other

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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MN-01

Pumps

ID Number
Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Pumps
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 5.1 4.2 3.6 3.2 3.0

. No anchorage

. “Poor” anchorage

. Vibration isolator concerns

. Motor/pump displacement

0.6

0.6

0.6

0.6

0.6

. Piping support concerns

0.4

0.4

0.4

0.4

0.4

ol

. Interaction concerns

0.4

0.4

0.4

0.4

0.4

7. Other

Final Score
= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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1,2

Performance Modification Factors (PMFs)

Select PMF 1 if there is no anchorage from the motor or
pump to the skid, or from the skid to the pad. If the
anchorage appears small compared to the size of the pump,
or is damaged, select PMF 2.

Where vibration isolators are used there should be lateral
restraints as shown below. If no lateral restraints exist, or
they appear to be inadequate, select PMF 3.

The motor and pump should be mounted on a common skid
or pad to reduce the risk of differential displacement. Select
PMF 4 if they are not.

Attached piping should be well supported to prevent
excessive load transfer to the pump. If long, unsupported
runs of piping terminate at the pump, select PMF 5.

If large items, such as non-structural walls, could fall and
impact the pump, PMF 5 should be selected.

For other conditions that the reviewer believes could inhibit
pump function following an earthquake (e.g., a history of
problems with this piece of equipment), assign a PMF value
relative to the existing PMFs in the table. Add a descriptive
statement for the concern.
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Valves

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Valves
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

: . \ \ D - E

Basic Score ' T 72 66 | 63 5.7 5.4
1. Cast iron components and impact 2.9 29 2.9 2.9 2.9
potential

P | 2. Independent operator support 2.7 27 27 2.7 2.7
3. Rigid attachment concerns 3.5 3.5 35 35 35

F | 4. Interaction concerns 23 23 23 2.3 2.3
5. Other

Final Score

= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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Performance Modification Factors (PMFs)

Select PMF 1 if you know that the valve yoke or operator are made of cast iron and the valve is
mounted on a flexible line where it can move and impact structural members (walls, columns, etc.).

The operator should not have a support independent of the overall valve support. If this situation exists,
choose PMF 2.

Conduit and tubing attached to the valve should be flexible enough so that valve displacement is not
hindered. If the attachments are rigid, select PMF 3.

If large items, such as non-structural walls, could fall and impact the valve, PMF 4 should be selected.
Also, select this PMF if rigid items inhibit valve movement as shown in the photos below.

For other conditions that the reviewer believes could inhibit valve function following an earthquake (e.g.,

a history of problems with this piece of equipment), assign a PMF value relative to the existing PMFs in
the table. Add a descriptive statement for the concern.
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Compressors

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Compressors
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 6.0 51 4.6 4.2
1. No anchorage 2.7 2.7 2.7 2.7 2.7

P | 2. “Poor” anchorage 24 24 2.4 2.4 2.4
3. Vibration isolator concerns 1.8 1.8 1.8 1.8 1.8

F | 4. Rigid attachment concerns 1.8 1.8 1.8 1.8 1.8
5. Interaction concerns 1.3 1.3 1.3 1.3 1.3
6. Other

Final Score

= Basic Score - highest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF. See the following page for PMF guidelines.
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Performance Modification Factors (PMFs)

Select PMF 1 if there is no anchorage. If the anchorage appears small compared to the size of the
compressor, or is damaged, select PMF 2.

Where vibration isolators are used there should be lateral and uplift restraints. If no restraints exist, or
they appear to be inadequate, select PMF 3.

If attached conduits or pipes are do not have enough flexibility to accommodate potential compressor
displacement, select PMF 4.

If large items, such as non-structural walls, could fall and impact the compressor, PMF 5 should be
selected.

For other conditions that the reviewer believes could inhibit compressor function following an

earthquake (e.g., a history of problems with this piece of equipment), assign a PMF value relative to
the existing PMFs in the table. Add a descriptive statement for the concern.
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Cooling Towers

ID Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Cooling Towers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score

MN-04

= Basic Score - largest applicable PMF

P | 1. There are signs of deterioration on the structural members. | 2.7 | 32 | 3.6 | 41 | 45

M | 2. There is not a regular inspection program for this unit. 18 | 23 | 27 | 32 | 36

F | 3. Mounted on vibration isolators without lateral or uplift 27 | 32 | 36 | 4.1 4.5
restraints.

Final Score

Note that this is a screening process and is inherently conservative. If there is any question about an

item, note it and select the appropriate PMF.
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MN-04

Performance Modification Factors (PMFs)

1 Cooling tower damage for larger wood cooling towers in earthquakes has mainly been on units that
have deteriorated. If structural items appear to require repair, exist select PMF 1.

2 A program of regular inspections can prevent and identify potential problems. If there is no such
program for the cooling tower, select PMF 2.

3 Units mounted on vibration isolators need lateral and uplift restraints to prevent dismount. If there are
no restraints, or they appear to be inadequate, select PMF 3.

4 For other conditions that the reviewer believes could inhibit compressor function following an
earthquake (e.qg., a history of problems with this piece of equipment), assign a PMF value relative to
the existing PMFs in the table. Add a descriptive statement for the concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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Boilers

1D Number

Comments

Earthquake Load Level (circle one letter)

Scores and Modifiers - Boilers
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score

MN-05

P | 1. There is no anchorage or the anchorage is in poor condition | 2-4
(e.g., corrosion, cracking, etc.).

3.0

3.3

M | 2. Attached items do not have adequate flexibility to 22
accomodate potential seismic deflections.

2.7

3.1

3.6

4.0

F | 3. Mounted on vibration isolators without lateral or uplift 24
restraints.

3.0

3.3

3.9

42

Final Score
= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an

item, note it and select the appropriate PMF.
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| MN-05

Performance Modification Factors (PMFs)

1 Boilers must be anchored to their suppots. The anchorage should be free of heavy corrosion. There

should not be significant concrete cracking around the bolts. If these, or other conditions that appear
to require repair, exist select PMF 1.

2 Some amount of motion from seismic loads is common. The attached components must be able to
withstand this motion and remain intact. If they cannot, select PMF 2.

3 Units mounted on vibration isolators need lateral and uplift restraints to prevent dismount. If there are
no restraints, or they appear to be inadequate, select PMF 3.

4 For other conditions that the reviewer believes could inhibit compressor function following an

earthquake (e.g., a history of problems with this piece of equipment), assign a PMF value relative to
the existing PMFs in the table. Add a descriptive statement for the concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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0S-01

Off-Site Systems

Earthquake Load Level Comments
(circle one letter)

NEHRP : UBC | Lev
1-3 1 A
4-5 2 B
6 3 C
7 4 D

Off-site Domestic Water
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score 3.7 3.2 28 2.3 1.9
P1l1.

M| 2

Fl3.

Final Score

= Basic Score - largest applicable PMF

Off-site Fire Water _
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score D 23
P11

M| 2.

Fl3.

Final Score

= Basic Score - largest applicable PMF

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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e e Grima
. .

" Rapid Visual Screening Score Shest

Off-Site Systems (continued)

Off-site Power
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

ol B

Basic Score . 21 1.7 1.2 0.9
P11
M] 2
Fl3.

Description

Final Score
= Basic Score - largest applicable PMF

Off-site Natural Gas
(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

Basic Score ) 5 5 5 5 S
Pl1.

M| 2.

Fl3.

Final Score

= Basic Score - largest applicable PMF

Performance Modification Factors (PMFs) - All Offsite Systems

1,2, For any conditions that the reviewer believes could inhibit function following an earthquake, assign

3 a PMF value relative to the existing PMFs in the table. Add a descriptive statement for the
concern.

Note that this is a screening process and is inherently conservative. If there is any question about an
item, note it and select the appropriate PMF.
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TC-01

Telecommunications Equipment

Earthquake Load Level (circle one letter)

ID Number

Comments

o|lwm|>]| >

Cable Entrance Facility

(circle a Basic Score and all PMFs that apply - use the column indicated by the Earthquake Load Level above)

st

Basic Score

P | 1. The enclosure is in poor condition or has components that 1.5 20 24 2.9 33
obviously require repair.

M| 2. The cables are in poor condition or obviously require repair. | 16 | 22 | 25 | 31 3.4

F | 3. Not attached to the structure or on “poor” soil. 24 | 30 | 33 | 39 | 42

F | 4. Other

Final Score
= Basic Score - largest applicable PMF

Rack Mounted Components
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